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ABSTRACT

The U.S. Army's Office of The Program Executive Officer, Program
Manager for Chemical Demilitarization (PEO-PM Cml Demil) is responsible for
the disposal of the Nation's stockpile of unitary chemical munitions -- a
large-scale effort that, by Congressional mandate, must be completed by
September 1994. The Army has proposed several alternatives for carrying
out this Chemical Stockpile Disposal Program (CSDP), and is now in the
process of preparing a programmatic environmental impact statement to
assess the alternatives and support a decision by the Army in early 1988.
MITRE is responsible for preparing the integrated risk analysis of the CSDP
disposal alternatives, the purpose of which will be to estimate and display
the risk of accidental chemical agent exposure of the public during the
CSDP. This report describes the approach used by MITRE, and presents the
results of the risk analysis in a variety of ways, including: cumulative
risk curves; expected fatalities values; individual risk data; estimates of
time and person-years at risk; and, semi-quantitative 'pictogram'
comparisons of the major measures of both societal and individual risk.
Differences in risk of the disposal alternatives are presented and
discussed in light of the uncertainty in the analysis.
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1.0 INTRODUCTION

The U.S. Army's stockpile of chemical munitions is stored at eight
sites throughout the continental United States. (See Figure 1.) The Army's
Program Executive Officer - Program Manager for Chemical Demilitarization
(PEO-PM Cml Demil) has the responsibility for disposing of the existing
stockpile. This is a large scale effort that, by Congressional mandate,
must be completed by September 1994. PEO-PM Cml Demil has developed the
Chemical Stockpile Disposal Program (CSDP), which comprises several
alternatives for carrying out the disposal effort (U.S. Army Toxic and
Hazardous Materials Agency, 1986). This risk analysis is one of several
studies intended to assist in the choice of a disposal alternative.

Chemical munitions are inherently dangerous, and the Army employs a
sophisticated set of procedures and standards to minimize risks. There is
always the chance, however, that some unexpected or unavoidable accident or
event could occur that would expose a nearby civilian population to these
toxic chemicals. Such events could occur even while the Army continues to
store the chemical weapons stockpile. Now that the Army is committed to
disposal of the stockpile, there is the need to examine the potential
dangers due to a new set of possible accidents: those associated with the
handling, transporting, and physical destruction of the munitions in the
stockpile.

1.1 Purpose of The Risk Analysis

The major purpose of this risk analysis is to provide the Army with a
consistent and quantitative comparison of the risks associated with each of
the disposal alternatives. The relative risk to public safety of the
alternatives has been evaluated on the basis of risk to the public
(individuals outside the boundaries of the military installation) at
proposed disposal sites and along potential transportation corridors.

This document reports the following risk analysis results:

0 programmatic and site-specific risk to affected populations;

* factors affecting individual risk;

* major contributors to risk; and

* differences among alternatives.

An essential first step in risk analysis is the identification of
potential accidents that contribute significantly to risk. Many of these

1
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potential accidents, once identified, can be prevented or mitigated through
design and procedural changes. Because of this process of risk-reduction,
the risk analysis itself plays an important role in the development of
alternatives. That is, as the risk analysis results are acted upon to
reduce main contributors to risks, overall risk may be reduced to very low
levels. Eventually, all alternatives may become comparable on the basis of
risk; the emphasis in comparing disposal alternatives then can shift away
from relative risks to environmental, institutional, economic, and
technical feasibility issues.

The risk analysis is intended to meet information needs of several

audiences. The principal audiences are:

" Army decision-makers who must select a disposal alternative;

" local governments and community groups who need to understand and
evaluate the potential impacts on their local populations;

" individuals who are concerned about their personal risk, given
their locations with respect to storage sites, disposal sites, or

transportation routes; and

" Army program managers responsible for implementing a disposal
alternative, who must be aware of activities that have the
potential for high risk to the public, and who must ensure that the
CSDP is implemented safely.

Some of these audiences may be most concerned about community/societal
risk -- that is, the total number of persons potentially affected by the
program as a whole. Others may be concerned about identifying the major
contributors to societal or community risk so they can do something about
mitigating or managing it. Individuals are concerned about what the
program means to them, personally, and may or may not be interested in
community or societal risk.

Identifying the major sources of risk requires that the risk analysis
be performed on an accident-specific basis. Data presented in Volumes 2
through 7 of this report support analysis at that level of detail. This
document (Volume 1) presents more aggregated information on risk to
society, using a set of complementary measures of risk.

Since risk analysis deals with potential future occurrences,
uncertainty in the results is unavoidable. In addition, uncertainty in the
risk analysis arises from gaps in data and in our understanding of the
accident phenomena, which require that many assumptions be made in the

3



analysis. Estimates of uncertainty in the probability of accident
occurrence have been developed, and are displayed with the risk estimates.

Despite uncertainties in the results, risk analysis remains the best
available means for systematically identifying major sources of risk,
quantifying safety concerns, and comparing the relative risk of the
different alternatives. Subjective factors related to developing a sound
safety philosophy (e.g., administrative controls) and to managing risks
that are difficult to quantify (e.g., sabotage, procedural errors) are
important also, and need to be considered along with the insights offered
by quantitative risk analysis.

The data used in this risk analysis are of two broad types:
historical data -- that is, data derived from records of a large number of
actual events which are related to specific types of accidents, or events
leading to them; and hypothesized data -- data derived from largely
subjective modeling of assumed accident sequences with the aid of fault and
event trees describing the process. (The use of fault and event trees is a
standard procedure to investigate sequences of occurrences in a complex
system.) Risk data for externally-caused accidents such as those due to
aircraft crashes and destructive natural phenomena, as well as data related
to off-site transportation (via rail freight, air, barge, etc.) can be
drawn from historical data bases. Modeling data, based on analysis of
hypothesized sequences involved in the accident scenarios, must be
developed for those events which are unique to the handling and processing
of chemical munitions, and for which there are very few historical data.

1.2 Risk Elements of The CSDP

To understand the ways in which the Chemical Stockpile Disposal Pro-
gram (CSDP) might present risk to the public, one needs first to identify
the major features of the CSDP, including:

* the disposal alternatives, including the "no-action" alternative
(continued storage);

* the disposal activities (e.g., handling, transportation, plant
operations) that make up the alternatives;

0 the chemical agents themselves and the munition configurations in
which they are stored; and

* the various accident initiators (e.g., human error, equipment
failure, natural event) and accident types that could lead to agent
release.

Each of these features is discussed below.

4



1.2.1 The Disposal Alternatives

For purposes of this risk assessment, the disposal alternatives are
defined by where, not how, the destruction of the chemical stockpile takes
place. The disposal technology assumed here for all alternatives is the
"baseline" technology which consists primarily of mechanical disassembly of
the munitions, draining of the chemical agent, destruction of the agent in
liquid incinerators, incineration of "energetics" (propellants, bursters,
etc.) in deactivation furnaces or kilns, and destruction of residual agent
in metal parts and dunnage furnaces. The disposal alternatives are,
therefore, distinguished by the logistics of munition movement and the
location of the disposal activities. These alternatives can be summarized
as follows:

" on-site disposal: all chemical agents are destroyed at the sites
where they are now stored;

* regional disposal: munitions stored in the eastern region of the
country are shipped by rail to Anniston Army Depot, Alabama, while
those in the west are shipped to Tooele Army Depot, Utah;

* national disposal: all munitions in the Continental U.S. are
shipped by rail to Tooele Army Depot for destruction; and

* partial relocation: on-site disposal at all sites except for
relocation of the stockpile from selected sites:

- the Aberdeen Proving Ground (MD) stockpile moved by air (C5 or
C141 aircraft) to Tooele Army Depot or by water to Johnston
Island;

- the Lexington-Blue Grass Army Depot (KY) stockpile moved by air

to Tooele Army Depot; and,

- combinations of these two.

[Note: Of the partial relocation alternatives, all hut the air mode
using C141 aircraft are no longer under consideration by the Army; results
for these abandoned alternatives are presented only as documentation of
analysis performed prior to the Army's decision to drop them from further
consideration].

The risk implications of the disposal alternatives are apparent in the
potential for the redistribution and, it is expected, the reduction of
overall risk. Movement of the stockpile from one site, in what could be a
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densely populated region, to a second site, in what could be a sparsely
populated region, might reduce the risk to the population around the first
site, at the expense of added risk to people along the transportation
corridor and around the second site. The magnitude of these risk
differences is one of the questions answered by the risk analysis.

1.2.2 DisRosal Activities

Each of these disposal alternatives comprises many activities. These
range from the relatively simple activities associated with continuing to
store the munitions, to the more complex activities associated with
handling, shipping, or disassembly/destruction of the stockpile elements.
Since these activities involve some contact with the chemical stockpile,
they all could pose some risk to the public.

Figure 2 illustrates the major activities associated with each dis-
posal alternative. Many of these activities are common to some or all of
the disposal alternatives.

The "no-action" alternative, continued storage, involves the risks
associated with storage in fixed sites (igloos, warehouses, or open
fields). The major risk elements are relatively rare, external or natural
catastrophic events, such as tornadoes and aircraft crashes; maintenance
and surveillance activities for the stored stockpile also contribute to
risk. Storage-related accidents are typically very low in their
probability of occurrence, but very high in potential consequence, because
of the large inventory of agent likely to be affected by any one event. In
the continued storage alternative, all potential agent-releasing events
(including leaks and maintenance-related handling accidents) are assumed to
pose risk over an indefinite period -- taken for this analysis to be 25
years. No account has been taken in this analysis of the presumed risk of
eventual disposal after a long period of continued storage.

The on-site disposal alternative involves risk posed by the following
activities:

* handlin activities, required to move the stockpile elements from
their storage areas to on-site transportation containers, and from
the transportation containers to the on-site disposal facility, and
from one operation to another within the facility;

* on-site transport activities, moving the stockpile by truck from
storage area to plant over on-site roads; and

* plant ooerations activities, including all steps required to disas-
semble, drain, and incinerate the chemical agents and munitions.
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The national, regional , and partial relocation disDosal alternatives
introduce several different classes of activity posing some risk:

* additional handling activities, involving stockpile movement from
storage to the packing/holding/loading areas (essentially the same
risk as movement of the stockpile from storage to on-site disposal
plant) for subsequent off-site transport, R handling at the
transportation container unloading/holding/unpacking areas and
handling at the destination site (essentially a reversal of the
activities at the sending site); and

" off-site (inter-site) transport activities, involving long distance
transport by one of three modes, depending on which disposal
alternative is being considered. \jee S.C. Chu &t al., 1987.)

For all the disposal alteruatives, the risk of continued storage
remains until the local stockpiles have been destroyed. However, this risk
contribution is not included as an element of risk for the alternatives
involving demilitarization of the stockpiles, because it is common to each
of them, and would not help to differentiate among them.

In addition to comparing the risks due only to disposal activities,
the risk analysis will demonstrate the very significant risk benefit
resulting from any disposal alternative that eliminates the long-term risk
associated with continued storage for 25 years (followed by the deferred
risk of eventual disposal of the stockpile -- a risk element not considered
in this risk analysis).

1.2.3 Agents and Munition Types

Each of the disposal alternatives involves the full range of chemical
agent and munition types in the chemical stockpile. The characteristics of
each are accounted for in the risk analysis. Risk associated with each of
the agent types is different, since their physical and toxicological
properties differ. Physical properties of greatest importance in
estimating risk as a function of agent type include: vapor pressure
(determines the rapidity with which spilled agent might evaporate);
freezing point; and molecular weight. These and other physical properties,
as well as toxicological characteristics, are encoded into the Army's D2PC
computer model for chemical hazard prediction (C.G. Whitacre §1 Al., 1987),
which provides estimates of the downwind distance the chemical hazard might
extend in a particular accident. Use of the model in this risk analysis is
described in Appendix B of this report

The munition types included in the stockpile are described in Appendix

A of this FPEIS. Major munition characteristics accounted for in the risk
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analysis include: munition size and agent inventory; susceptibility to
failure by puncture, crush, fire or impact; packing density; and presence
of energetic materials (bursters, fuzes, and propellants).

1.2.4 Accident Tytes

Potential chemical accidents are defined in specific accident
scenarios, which are sequences of possible events leading to a release of
agent. Accident scenarios for which lethal exposures would not be
experienced beyond 0.5 km from the storage and disposal sites under worst-
case meteorological conditions have been excluded. Accident scenarios have
been identified for major classes of accident causes, including natural
phenomena (e.g., wind, flood, lightning), other external events (e.g.,
aircraft crash), equipment failures (e.g., pipe rupture, control system
breakdown), and human error. The scenarios are presented in Section 4 of
this appendix.

The threat of sabotage is being addressed elsewhere and is omitted
from the accident scenario data base considered here.

1.3 Prior Studies

This risk analysis is founded on a number of prior hazard and risk
analyses. Quantitative hazard analyses were performed on the proposed
disposal of M55 rockets utilizing a technique known as hazard and
operability analysis (HAZOP) (Arthur D. Little, 1985a, 1985b, 1985c,
1985d). Qualitative analyses of the Johnston Atoll Chemical Agent Disposal
System (JACADS), using a failure mode and effects analysis (FMEA) method
were carried out by the R.M. Parsons Company (1983, 1985).

Deductive system logic models, such as fault trees, were used to
assess the probability of agent release in off-site transportation
accidents (Rhyne, 1985a, 1985b). Rhyne's study incorporated the
transportation accident data base prepared by Sandia National Laboratories
(Clark &t 11., 1976). An analysis of disposal of M55 rockets by Science
Applications International Corporation (1985) focused on the storage,
handling and on-site transportation of chemical munitions, using both the
event tree and fault tree methodologies.

For the draft programmatic environmental impact statement (DPEIS) for
the CSDP (U.S. Army Program Manager for Chemical Demilitarization, 1986),
the MITRE Corporation outlined an approach for using the risk data prepared
in support of the M55 rocket disposal program as the basis of an accident
scenario data base applicable to the entire stockpile (Fraize It Al.,
1987). MITRE then identified gaps in the accident scenario data base
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(subsequently addressed by GA Technologies), and proceeded to develop a
framework for analyzing the risk associated with this resulting accident
scenario data base and identifying representative worst case accidents for
the CSDP/EIS. This framework and the preliminary accident scenario data
base, as updated and completed by GA Technologies, was used to prepare the
risk analysis supporting the DPEIS (U.S. Army Program Manager for Chemical
Demilitarization, 1986).

1.4 Data Sources for This Analysis

With the studies listed above as t . point, GA Technologies
(GA Technologies, 1987a, 19 8 7b, 1987c), witi technical assistance from H&R
Technical Associates, JBF Associates, and Battelle-Columbus Laboratories,
conducted a comprehensive assessment of accident probabilities for all
munition types. Event and fault tree analyses, together with information
on mechanical and thermal failure threshold conditions for each munition
type, were used to estimate the probability of agent release in each of
nearly 3000 potential accidents, and the amount of agent that could be
released.

Downwind dispersion of lethal plumes was determined by a method
incorporated in the D2PC plume dispersion model developed by the Army
(Whitacre et al., 1987). Demographic data and potential fatality estimates
for generic accidents (defined by lethal plume length and meteorological
conditions) for all sites and transportation corridors were provided by Oak
Ridge National Laboratory. An overview of the approach used for
assimilating the probability and consequence information is depicted in
Figure 3. The ovals on the left edge of Figure 3 represent the four major
data inputs to the risk analysis:

* probability data (from GA Technologies)

" agent release data (from GA Technolcgies)

" meteorological data (from ORNL)

• fatality data (from ORNL)

These four major data sets are then integrated in ways that represent
the disposal alternatives defined by the Army to yield measures of risk.
More detail on the risk data integration process is presented in Appendices
A and B of this report.
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1.5 Organization of this Report

This report consists of seven volumes, containing the following
information:

* Volume 1: Analysis (this document, UNCLASSIFIED) contains a
description of the methodology used in the risk analysis and a
presentation and discussion of the results;

* Volume 2: Conseguence Data (UNCLASSIFIED) presents the results of
all computations of potential consequence (plume lengths, fatality
rates by distance, and potential fatalities for two meteorological
conditions and, for site-specific fatality estimates, average and
highest density population distributions;

0 Volume 3: Risk Analysis Summary Tables and Individual Risk Data
(SECRET) contains tables summarizing all the risk analysis results
by storage/disposal site, locale (originating site, transportation
corridor, or destination site for transported stockpiles), and
disposal alternative; individual risk curves for each site and all
applicable disposal alternatives are also provided.

* Volumes 4 - 7: Detailed Risk Data (SECRET) contain the results of
all risk computations on an accident-specific basis, by site,
locale, disposal alternative, and accident activity category:

Volume 4: Originating Sites

Volume 5: Transportation Corridors

V Volume 6: Destination Sites

Volume 7: Selected Sorts to Support Interpretation of the Risk

Analysis Pictograms.
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2.0 METHODOLOGY OF THE RISK ANALYSIS

The purpose of this section is to present basic principles involved in
estimating risk to the public, and to show how these principles have been
applied to the Chemical Stockpile Disposal Program (CSDP).

2.1 Introduction to Risk Assessment Concerts

Risk is a measure of the potential for exposure to unwanted events or
consequences (e.g., injuries or fatalities). Any danger to the public
associated with the proposed Chemical Stockpile Disposal Program may be
described in terms of risk. For purposes of this study, risk is considered
to be that due only to accidental release of, and potential public exposure
to, chemical agent. Only accidents that could result in a release of agent
sufficient to expose the public to potentially lethal doses are included.
For purposes of this study, the term "public" excludes persons within the
boundaries of the military installations.

2.1.1 Risk Descriptors: Probability and Conseouence

The risk associated with any activity (e.g., living near a geologic
fault, driving a car, riding a roller-coaster, or living under an airplane

flight path) may be described as the product of two quantities: the

probability of the unwanted event occurring and the conseouence to an
individual or the public, if the event does occur.

The probability of a potential accident is a quantitative statement of

the "odds" of that accident occurring, given many repetitions of the activ-
ity or condition that can lead to the accident. For instance, analysis of
the accident and all of the separate events leading up to it might show
that the odds of the accident occurring at some time during the CSDP might
be 1 in 200,000; we can express the probability of that event occurring in
just that way -- 1 in 200,000 -- or in the following equivalent ways:
0.000005; 1/200,000; or, in scientific notation, 5 x 10-6. For this
analysis, the probability of an accident is expressed as the likelihood (or
"odds") of its occurrin& once during the stockpile disposal program. The
only exception is for long-term storage accidents where probability has
been expressed as the likelihood of occurrence during a 25-year period (the
assumed duration of the "no-action" alternative).

The conseouence of a potential accident can be expressed in several
ways, depending on the intended use of the results. For the purposes of
the CSDP risk analysis, there are two principal measures of the consequence
of any given accident:
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" size of the lethal plume produced by the accident. Size of the
lethal plume is defined as the distance to the downwind location
where the "exposure" (the product of agent concentration and time)

is equal to the estimated minimum lethal value. This distance is
also referred to as the "no-deaths" hazard distance. Plume size,
or downwind hazard distance, is dependent on the agnt tyxe
(physical characteristics), agent auantity released and the
meteorological conditions governing the atmospheric dispersion of
the agent.

* potential fatalities per event. This measure is the most direct
indicator of potential accident consequences to the population.
Estimation of potential fatalities requires knowledge of the source
term (quantity and mode of agent release), the atmospheric disper-
sion mechanism (specified by local meteorological conditions), the
population distribution (by distance and direction), and the esti-
mated human response to chemical agent exposure.

The present risk analysis is limited to airborne release of agent.
Other modes for dispersion of released agent, such as through ground water
or surface water, are beyond the scope of this analysis. Only acute and
lethal toxicity are considered in the analysis; chronic and sub-lethal
effects are not evaluated.

2.1.2 Two Perspectives on Risk

Risk can be viewed from two basic perspectives:

* Risk to an individual at a specified location; and

* Risk to the affected Dovulations.

In the first case, risk to an individual is the probability that he or she
will be harmed while at a fixed location. Risk to the affected population
(the expected number of individuals who might be adversely affected by the
event) may be more useful to a decision-maker who needs to assess total
effects on the public.

An individual tends to view risk in very personal terms, such as the
probability that an unwanted event will occur to him or to his family.
Many risky activities or situations to which an individual is exposed are
voluntary (e.g., a canoe ride) and their risk is accepted in return for the
benefit the activity brings. Others (e.g., being struck by lightning) are
"acts of God or nature" and the associated risk is generally accepted as a
part of living. Still others (e.g., living near a nuclear power plant or
along a rail route that carries hazardous chemicals) are viewed as
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involuntary, the result of man-made intrusions, and often are less
willingly accepted. In this risk analysis, we are dealing with a man-made
activity that the public may view as an imposed or involuntary risk. Risk
comparable in character (not necessarily magnitude) to that potentially
imposed by the CSDP might be that associated with living next to a chemical
plant processing hazardous chemicals or living along a transportation route
carrying such materials.

Community or societal risk is, in effect, the aggregate of individual
risk to which all members of the local population are exposed. Thus,
individual risk is independent of the number of individuals at risk;
community or societal risk is not.

2.2 Application of Risk Concepts to the CSDP

2.2.1 Computation of Individual Risk (General Case)

The risk to an individual is calculated by multiplying together the
probabilities of each of the circumstances necessary to produce a fatality.
This combined probability of occurrence is multiplied by the consequence to
determine risk; in the individual case, consequence is always equal to 1
(the death of the individual), and so does not affect the risk value we
calculate. Figure 4 illustrates the major factors affecting the risk to an
individual posed by a potential release of chemical agent; these factors,
described in detail in Appendices A and B, are:

* the probability that an accidental release will occur;

* the probability (along transportation corridors only) that a
transport vehicle will be in the vicinity of the individual when
the accident occurs;

" the probability of being downwind of the release;

" the probability of being within the plume width;

" the probability that an individual within a given lethality zone of
the plume will die.

For the case of individual risk along a transportation corridor, the
analysis is based on determining the route length over which an accident
can occur and still affect an individual at a given location. As shown in
Appendices A and B, this is equivalent to basing individual risk on
exposure time. Basically, the analysis computes average individual risk
along the transportation corridor, based on average distances, speeds, and
exposure times along the route.
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Whether along a transportation route or near a fixed site, the total
risk to an individual is the sum of the individual risks posed by each
identified accident scenario that could happen at the individual's location
(either along a corridor or near a site).

2.2.2 Risk to the Population (Community/Societal Risk)

To estimate the risk to the general population., the factors defining
risk to an individual, discussed above (section 2.2.1), must be applied to
the total number of individuals at risk. Risk to the public was calculated
for each accident by overlaying the lethal plume (under "most-likely"
weather conditions) associated with the accident on a map of the
residential population about the site or adjacent to a transportation
corridor and estimating the number of potential fatalities within the
plume. Next, expected fatalities from each accident were computed as the
product of potential fi .alities and the probability of the accident
occurring. The t population risk was then determined by summing
expected fatal!*ir for all applicable accidents.

This concept is illustrated by Figure 5. The concentric arcs in the
figure re1,resent hazard distance zones from the potential accident site.
For example, the distance zones used in this analysis are the following:

>0.0 -0.1 km > 2- 5 km
>0.1 - 0.2 km > 5 - 0 km
>0.2 - 0.5 km > 10 - 20 km
>0.5 - 1.0 km > 20 - 50 km
>1 -2 km > 50 - 100 km

An accident having a "no-deaths" plume length of 12 km is assumed to
result in a fatality count for the zone which is 10 - 20 km from the
accident site. If an accident causes a plume that reaches into the 10 - 20
km population zone, then all those in the inner population rings, closer to
the agent source, are at even more risk since the dosages become higher as
one approaches the accident site. Similarly, within a given distance zone,
individuals will be affected not only by those scenarios for which the
plume just reaches their zone, but also those accidents of greater
magnitude for which the plume reaches into the outer zones. While plume
lengths exceeding 100 km may be estimated in the D2PC model for the worst
of the potential accidents, a correction has been made to exclude
fatalities that would occur farther than 100 km from the potential accident
location.
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2.3 Principal Measures of Risk

To compare the public risks of the disposal alternatives, the follow-
ing measures, each of which provides a different perspective on program
risk, are used:

maximum individual risk, equal to the probability of an
individual's death if he/she spent the entire duration of the CSDP
at the site boundary (assumed to be 0.5 km from the on-site
disposal/storage operations) or as close as 0.1 km to the
centerline of a transportation corridor. This indicator is
dependent only on the mix of potential accidents that could happen
at the individual's location; it is independent of population
density (the number of individuals who could be so maximally
exposed;

* maximum lethal distance, equal to the maximum downwind length ('no-
deaths' exposure level) of the plume from the worst of all
identified potential accidents under worst-case weather conditions
at a specific location. Conversely, it is also the minimum
distance an individual could be from a given site or transportation
corridor and have no risk of lethal exposure during the CSDP;

* maximum total time at risk, representing the maximum length of time
an individual could be at risk at a fixed location near a site or
along a transportation corridor. For those living within a radius
equal to or less than the maximum lethal hazard distance, the time
at risk is the total time during which stockpile disposal
activities will take place at that site, regardless of where the
individual is located. For those individuals along the
transportation corridors, the time depends on the distance from the
rail line or air corridor; the maximum time is assumed to occur if
the individual is located at a 0.1 km distance from the rail track
or centerline of the air corridor. These persons are exposed to a
hazard only when a train or aircraft is in the vicinity (defined as
the maximum lethal hazard distance in either direction) of them.
This time is summed for each agent-bearing train or aircraft that
would pass by in each alternative. Since maximum lethal hazard
distance is used in this determination, the worst case
meteorological conditions apply;

0 probability of one or more fatalities, a public risk indicator
equal to the chance that there will be at least one fatality at a
given site or for the nation as a whole during the CSDP. This
measure is calculated by summing the probabilities of all accidents
that could cause one or more fatalities. Included in this sum are
all accidents for which the potential fatality estimate, based on
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assuming uniform population densities, is less than unity. (This
means that that accident is expected to cause a fatality for only a
fraction of the times it occurs; for the remaining fraction of
occurrences, that event would not cause a fatality. For such
accidents, the probability of occurrence is reduced so that only
the fraction of events expected to cause a fatality are counted).
(To illustrate: On the basis of average population density and
lethality rate variations within the chemical agent plume, an
accident could have a potential fatality value of, say, 0.2 and a
probability of occurring estimated at i0-4; the potential fatality
value of 0.2 means that 20%, or 1 out of every 5 occurrences of the
event in question could cause a fatality. Those 4 occurrences that
cause, on average, no fatality are not counted and the accident is,
in effect, redefined to be the 1-in-5 event that leads to a
fatality -- having a correspondingly reduced probability, equal to
the fraction of fatal accidents times the probability of all
occurrences, or 0.2 x 10-4.];

maximum number of fatalities, equal to the maximum consequence of
all accidents at a site or for the nation. This risk measure is
based on worst-case weather conditions, actual population densities
(1980 census data, as analyzed by Oak Ridge National Laboratories),
and worst possible wind direction (i.e., plume striking the highest
number of people without any allowance for preventive/emergency
response measures);

expected fatalities, equal to the sum of the risk contribution of
all accidents at a site or for the nation, where risk for each
accident is the potential fatality count (if the accident were to
occur) multiplied by the probability of the accident occurring.
Note that expected fatalities is proportional to the probability of
a fatality-causing event occurring, and will nearly always be a
small number -- well less than unity. For example, an accident
with a potential fatality estimate of 12 and a probability of 10-6

(odds of 1 in a million of occurring during the CSDP) would have an
expected fatality value of 12 x 10- .. At the programmatic level,
the expected fatalities value is the sum of the expected fatality
contribution of several hundreds of potential events and might lie
somewhere in the range of 10- 3 , or 0.001. This typical value can
be interpreted in the following way: The program can be expected
to cause, on average, one fatality every 1000 times the program is
executed; since the program consists of many events which could
cause multiple fatalities, a more typical interpretation would be
made up of several parts, such as: one fatality every 10,000
programs (expected fatality contribution of 1/10,000 - 0.0001) p3,1s
a 10-fatality event every 25,000 programs (contribution of
10/25,000 - 0.0004) PLMA a 100-fatality event every 200,000
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programs (contributing 100/200,000 - 0.0005), for a total expected
fatality value of 0.001; and

person-years-at-risk, equal to the population living within all
zones (defined in Section 2.2.2) that could experience potentially
lethal agent exposure multiplied by the time period over which that
worst-case event could take place (typically, the duration of
disposal operations at fixed sites or the time during which
transport vehicles might be within lethal plume reach of population
groups along the corridors). This measure does not account for the
fact that individuals within the affected population groups who are
farther from the potential accident site are at lower risk of
suffering ill effects of exposure; all affected individuals are
counted if they have any risk at all. (This measure is discussed
in more detail in Section 3.3.3.2.).

The first three risk measures are indicators of risk to the
individual. The next three apply to community/societal (population-based)
risk, with each measure representing one of the three major features of the
cumulative risk curve: vertical scale intercept (probability); horizontal
scale intercept (maximum fatalities -- worst case value); and area under
the risk curve (expected fatalities) [Note: Equating expected fatalities
with the area under the risk curve applies only if the curve were plotted
using linear scales -- equal increments for equal changes in the value of
the plotted parameters -- instead of the logarithmic scales -- equal
increments for each 10-fold multiple of the value of the plotted parameters
-- necessitated by the very wide range of the risk data.] Person-years-at-
risk is also a community/societal risk measure.

2.4 Methods for Portraying Risk

Estimates of risk to the population can be displayed in a variety of
ways. Those used in this report are illustrated by Figure 6:

Item A. Risk curves, which portray, for the full set of applicable
accident scenarios:

* the probability of exceeding a given number of potential fatalities
per event (vertical axis), against

* the potential fatalities per event (horizontal axis);

" the upper and lower bound estimates, as well as the mean (average)
value, reflecting the uncertainty in the probability component of
the risk curve -- the uncertainty range defining the 90% confidence
limits; and
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0 the maximum potential fatalities, assuming worst-case meteorology,
distributed population, and worst possible wind direction, shown as
a dashed vertical line.

Risk curves depict the difference between alternatives dominated by
high-probability/low-consequence accidents and those dominated by "ow-
probability/high-consequence accidents.

An illustration of a cumulative risk curve, showing a number of
sources of community/societal risk, is presented as.Figure 7. Figure 7
serves not only to indicate historical precedent for use of cumulative risk
curves but will also enable the reader to compare the results of the CSDP
risk analysis with the risk reported for other types of societal risk.

Item B. Risk pictograms, which display:

* a pictorial indicator (the darkness of the shading) of the relative
magnitude of each of the measures of risk chosen for this analysis;

" a key to the numerical range represented by each of the shading
values; and

* an array of data allowing comparison of risk at all sites for a
given disposal alternative or, alternatively, comparison among
alternatives for a given site (both approaches are used in this
report).

Risk pictograms provide a visual impression of the relative magnitude
of public risk for all combinations of alternatives and locations.

Item C. Expected fatalities plots, showing mean estimated values of
expected fatalities, with uncertainty bands. The expected fatalities value
is defined as the sum of the risk (probability times potential fatalities)
for all applicable accidents. While this measure of risk is convenient and
consistent, permitting the summing and disaggregation of the contributions
to CSDP risk, it provides the least information of any of the risk
measures. For example, it does not clearly show the relative contributions
of low consequence/high probability accidents and high consequence/low
probability accidents, which is often of great interest to the public. As
illustrated in Figure 4, expected fatality data are presented in this
report with error bars indicating the estimated uncertainty in the
calculated value. The extremes of the error bars represent the 90%
confidence limits -- that is, there is only a 10% probability that the
actual expected fatalities value would fall outside the indicated range.
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3.0 PRESENTATION OF RESULTS

The detailed results of the risk analysis, describing the
consequences, probability, and all relevant risk parameters for each
identified accident for all locations and disposal alternatives, are
presented in Volumes 2 through 7 of this report. In this section, we will
present a summary of that risk data and will discuss the significance of
the results from both programmatic (all locations combined, for each
disposal alternative) and location-specific considerations.

Unless stated otherwise, the term risk will refer to expected
fatalities, while plume length will mean the 'no-deaths' hazard distance
under most-likely meteorological conditions.

3.1 Overview of Risk Data

The risk data contained in Volumes 2 through 7 (all but Volumes 1 and
2 are classified) of this report include, for each identified potential
accident, all the information necessary to determine the major risk
parameters identified in section 2.2.4: maximum individual risk; maximum
lethal distance; probability of one or more fatalities; maximum number of
fatalities; expected fatalities; and, person-years-at-risk (derived from
estimated time-at-risk). Expected plume area is also presented as a
measure of ecological risk. Each of these parameters is relevant only to a
set of potential accidents which could take place at a specified location
(fixed site or along a transportation corridor) for a given site-specific
stockpile (identified by its originating site) and a given disposal
alternative. Thus, throughout this section, we will refer to the following
three descriptors of the accident scenario set of interest:

" Disposal Alternative (see below)

* Site-Stockpile (see below)

" Location/Locale of Risk as defined by:
OS - Originating Site
DS - Destination Site
TC - Transportation Corridor

For programmatic risk portrayal, all three locales are combined. For site-
or location-specific risk portrayal, the risk at only one locale is shown.
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3.1.1 Disposal Alternatives and Site-StockDiles Considered

The eight site-stockpiles considered in this analysis are identified
in Figure 1. The codes used throughout this analysis to signify particular
sites are tabulated below:

G - APG - Aberdeen Proving Ground, MD
L - LBAD - Lexington-Blue Grass Army Depot, KY
B - PBA - Pine Bluff Arsenal, AR
N - NAAP - Newport Army Ammunition Plant, IN
P - PUDA - Pueblo Depot Activity, CO
U - UMDA - Umatilla Depot Activity, OR
A - ANAD - Anniston Army Depot, AL
T - TEAD - Tooele Army Depot, UT

Eight disposal alternatives were analyzed. Their one-line
descriptions, and the codes used to represent them in the analysis and in
the presentation of the results are given below:

S - STR - Continued Storage (for 25 years)
0 - ONS - On-Site Disposal
R - REG - Regional Disposal (via rail)
N - NAT - National Disposal (via rail)
A - PRA - Partial Relocation -- On-Site Disposal, except APG & LBAD

Stockpiles to TEAD via air (C5 aircraft)
B - PRB - Partial Relocation -- On-Site Disposal, except APG & LBAD

Stockpiles to TEAD via air (C141 aircraft)
C - PRC - Partial Relocation -- On-Site Disposal, except APG

Stockpile to Johnston Island (JI) via water and LBAD
Stockpile to TEAD via air (C141 aircraft)

W - PRW - Partial Relocation -- On-Site Disposal except APG
Stockpile to Johnston Island (J) via water

Of these eight alternatives, five were selected by the Army for more
detailed analysis that included a study of the impacts of mitigation
measures (discussed below in section 3.1.2) and presentation and analysis
in the Final Programmatic Environmental Impact Statement (FPEIS) of the
CSDP. The selected five alternatives (to be referred to elsewhere in this
report as the "five FPEIS alternatives") are: continued storage (STR), on-
site disposal (ONS), regional disposal (REG), national disposal (NAT), and
partial relocation by air mode (C141) for the APG and LBAD stockpiles only
(PRB -- also referenced by the code PR in some sections of this appendix
and in the body of the FPEIS).
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3.1.2 Treatment of Mitigation

The accident scenario data base was analyzed for the unmitigated case
plus two levels of mitigation, the details for which are described in an
Army report (PEO-PM Cml Demil, 1987a). The three levels are:

1. Unmitigated. The accident scenarios as defined and characterized
by GA Technologies (198 7a,b,c) were used.

2. Mitigated. Revision 1. The unmitigated accident scenario data base
was modified by the following measures which are expected to
significantly reduce the effects of high risk scenarios identified
by analysis of the unmitigated data base; expected benefits for
each mitigation measure are also indicated:

* Reduce time required to clean up spill to under 15 minutes by
applying foam or other material to a spill occurring during
handling or on-site transportation.

Expected Benefit: Spill duration reduced by 75 percent
(handling accidents) or 87 percent (on-site transportation
accidents).

" Use battery-powered lifting devices for handling.

Expected Benefit: 99 percent reduction in probability.

" Install blunt bumpers on lift truck tines.

Expected Benefit: 65 percent reduction in probability.

• Use improved mobile device to control vehicle fire during on-
site transportation.

Expected Benefit: less than 1 percent reduction in
probability.

" Install seismic-actuated gas cut-off valves and category 3
breakers in the munition demilitarization building (MDB).

Expected Benefit: Probabilities for earthquake-caused
scenarios, plant operations accidents PO 26 and PO 29
(see Appendices A and C for descriptions of accident
scenarios), are reduced by 80 to 88 percent, depending on the
site. Probability of plant operations accident PO 33,
also an earthquake scenario, is reduced by 90 percent.
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Install a metal shield over the conveyor at the explosive
containment vestibule (ECV).

Exoected Benefit: 99 percent reduction in probability for
the munition detonation scenarios, plant operations accidents
PO 46 and PO 47.

Implement changes in the unpack area (UPA) to prevent mines and
rockets from being inadvertently conveyed to the dunnage furnace
(DUN). All measures necessary to reduce by a factor of 100 the
probability of a munition reaching the DUN will be implemented.
The measures under consideration are the following:

- interlock mine and explosive counters at the mine glovebox
with the dunnage conveyor using redundant sensors and
positive shut-off.

- independently interlock a drum weighing device at the mine
glovebox to the dunnage conveyor.

- interlock a metal detector with the DUN airlock to preclude
transporting a rocket to the DUN.

- inspect the dunnage for munitions.

- replace manual handling of rockets by using a mechanical
hoist to lift rockets from the pallet.

Expected Benefit: 99 percent reduction in probability for
the dunnage furnace accident scenario, PO 52.

Transport mustard ton containers in frozen state.

Exoected Benefit: 94 percent reduction in amount evaporated
for rail transport accidents involving a spill of mustard
agent; 85 percent reduction for the corresponding air
transport accidents. [A detailed description of the benefits
of low temperature transport of mustard agent may be found in
an Army report (PEO-PM Cml Demil, 19 87b)]

De-energize warehouse electrical system using seismically-
actuated circuit breakers or disconnected electrical leads.

Expected Benefit: 98 percent reduction in probability of a
warehouse fire caused by an earthquake.
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3. Mitigated. Revision 2. The accident scenario data base, as
mitigated by the measures described above (mitigation, Revision 1),
was further mitigated by the following additional measure:

* Restrict air space at all of the sites and eliminate military

helicopter flights.

Exvected Benefit: 100 percent reduction in probability of
air crash accidents of military helicopters, and 92 percent
reduction in all other crashes.

3.1.3 Treatment of Uncertainty

Uncertainties in risk estimation arise due to many causes, including
the inadequacy of data, inaccuracies in modeling, and the incomplete iden-
tification and understanding of accident phenomena. The basis for
estimating uncertainties when summing probabilities or probability-weighted
data with known individual uncertainties is described in Appendix B of this
report.

The analysis of accident scenarios carried out by GA Technologies
pro-,ides an error factor for each accident probability "point estimate".
This error factor was used to characterize the uncertainty inherent in each
estimate. The contribution to risk uncertainty of consequence estimation
(for example, in estimating potential public fatalities as a result of an
agent release) is represented separately (though incompletely) by
considering most likely and worst case meteorological conditions. However,
since worst case conditions occur relatively rarely and have greater
consequences, they may have little effect on a risk curve.

In this report, uncertainty is portrayed on the risk curves and on the
expected fatality plots where upper and lower uncertainty bounds (at the 95
percent and 5 percent leyels) are indicated.

3.1.4 Description of Data

Risk data are summarized in several forms. In section 3.2, risk data
for the programmatic level (no location-specific information) are presented
for the unmitigated case plus two levels of mitigation in three forms:

* semi-quantitative, graphical/pictorial comparisons of major risk
parameters in 'pictograms'.

* graphical comparisons of expected fatality estimates, with upper
and lower uncertainty bounds; and
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0 cumulative risk curves, with upper and lower uncertainty bounds.

In section 3.3, location-specific risk data are presented, but in
'pictogram' form; location-specific risk curves are not presented because
they could reveal classified information.

3.2 Programmatic Risk of Alternatives

3.2.1 General Comparison

Figures 8 through 10 display in pictogram format (using matrix
elements shaded according to four numerical equivalence ranges) the four
major risk measures plus a fifth measure -- the expected value of plume
area (provided for the purpose of evaluating ecological risk in the FPEIS)
for the five FPEIS disposal alternatives. The shadings are chosen so that
higher risk is connoted by darker shading. The numerical ranges were
chosen so that the full range of values for all alternatives could be
displayed and readily differentiated. The shading assigned to any entry in
the pictograms is strictly defined by the mean value of the risk measure
relative to the numerical boundaries of the ranges. Differences in shading
should not be interpreted as indicating a significant difference in risk --

a subject discussed in section 4.1. Note that the numerical equivalence
scale chosen for this programmatic chart (involving the larger values
associated with the summation of risk at individual locations) is higher
(by one order of magnitude or distance category) than the numerical
equivalence scale for the location-specific 'pictograms' displayed in
Section 3.3.

Discussion of comparative risks, as presented in this section, are
based on reference to the actual data from the risk analysis; the
quantitative comparisons can not be derived from the 'pictograms'. To
support the programmatic (i.e., not location-specific) risk comparisons in

this subsection, actual values for the risk measures for the five FPEIS
alternatives are presented in Table 1; data are provided for the
unmitigated case and for the two levels of mitigation.

Considering the case of unmitigated accident scenarios first, the
continued storage alternative has the greatest probability of causing one
or more fatalities of the five alternatives. The remaining four
alternatives have approximately a factor of 10 lower probability of causing
one or more fatalities.

The maximum number of fatalities of the five FPEIS alternatives ranges
between approximately 5,000 and 90,000, with continued storage having the

32



Alte'natives of One Maximum Person- Epce

Continued Siorage
25 Yrs. (STR)

On-Site Disposa
(ONSi

Aegioria Drsposa!
(REG;

National Disposal
(NAT)

Palsi' Relocation

Noie Becaise tn s chart cemboines risk from all locations. fte shading scale is a factor of 10 higher man the
sca e 10. a' stle-S ectfic icloarnas

Numorical ffaullalnts,

Leoen:: Probab i,,y
o! One maxiimumr Person- Expected

Relat ve or Mo'e Number of Expected Years Plume Area
RPS. Sltadng Fatalties Fatalities Fatalities at Risk (km2

6 2 7

m 3  2 .2 6 7 .2
10 -10 10,000-100.000 10 -0.1 10 -10 10 -0.1

- 3 *2 5 6 -3 -2
10 -10 1000 - 10,000 10 - 10 10 -10 10 -10

41 - .3 5 .
Lower <10 1000C <10 0O .0

FIGURE 8

RISK COMPARISON FOR PROGRAMMATIC ALTERNATIVES
ALL LOCATIONS COMBINED

33



Alternatives of One Maxmu yPe iwneAre

Continued Storage
25 Yrs. (STR)

On-Site Disposal
(ONS)

Regional Disposal
(REG)

National Disposal
(NAT)

Faniat Relocation
(PR)

Note:B3ecaijse this chart combine* risk Iromn all locationa. to isaln *We Is a bator of 10 Ngher Owa the.
scale for ali sie-spciic pictorams,

Nuinesial Kaullvulants

~ Probability
of One Maximum Person- Expected

Relative or More~ Number of Expected Years Plume Area
Risk_ Sadn Fatalities Fatalities Fatalities at Risk (kin2)

Higher >10O100,00 .1 2nI0 >O. I

-3 -2 .2 6 7 -2
10 0 10,000-100,000 0 - 0.1 10 -10 10 0.1

10 10 100 - 1000 1 0 0- 0 1

F 4 .36.
Loer [ j 10 -C1000 <10 -CIO 'CIO

FIGURE 9

RISK WITH MITIGATION (REV. 1):
COMPARISON FOR PROGRAMMATIC ALTERNATIVES

ALL LOCATIONS COMBINED

34



Alternatives of on Maximum Person- E~ce

Continued Storage
25 Yrs. (STR)

On-Site Disposal
(ONS)

Regional Disposal!
(REG,,

National Disposal
(NAT)

Partial Relocation
(PR)

Not. Becas this chart combines risk from all locations. toe sh10dng @We is a facir of10 hNger than the
sca, &o! 5 site-sptcific pctograms.

Numerical Eullyalanta

Probability
of One Maximum Person- Expected~

Relative or More Number of Expected Years Plume Area
R's Shading Fattes Fatalities Fatalities at Risk (krr12

.2 7
Higher >10 ~ 100,000 A0.1 300 310.1

-3 -2 .2 6 7 -2
10 -10 10,000-100,000 10 -0.1 10 - 10 10 - 0.1

4 3.3 -2 6 6 -3 -2
10 -10 1000 - 10,000 10-10 10 -10 10 -10

.4 -3 S -3
Lowe r F - 10 <1000 'C10 -e10 410

FIGURE 10

RISK WITH MITIGATION (REV. 2):
COMPARISON FOR PROGRAMMATIC ALTERNATIVES

ALL LOCATIONS COMBINED

35



TABLE 1
QUANTITATIVE COMPARISON OF RISK MEASURES FOR

PROGRAMMATIC ALTERNATIVES
-ALL LOCATIONS COMBINED-

A, Unmitigatod Risk

of mom I&g., of wediad YOND pkg Am

canwiiied swees f 4 a25 Yn (m)R 6.4 x10 0.9It10 19.3 1.4 X10 2.1

(O4S) 7.32x10 142x10 100li . 110 7.12x0i

Ma.;ipc 4.8 x10 41.22 12x 6 . I sxt

Natloma' Damosel' 4 .2 4 .2
(NAT) 51 x10 4.2 X10 312x10 542X10 12 x10

Par .aI Reluic,I
(PR) IX*2 4 -2 6 .

1121 232x10 342X10 31 x10 1.21

B Risk with Mitigation (Rev. 1)

Probstilily
Atnormalives 0o one ieximum, Persoh 1EScg0

of more gkygs, of Exefto yoer. Plum Area
Faaltes Fataliies Fataliis 6, Ral k.

CMood Storag* 63 89i4 a 2
25 Yrs (STR) 2 4.10 1 .00 4.5a101 1A4.10 44.10I

oft-Sn. Dooom, . 4 3 4 is4
(ONS) 223t10 64.x10 04 x104 23.a10 4.6.10I

Flegona'DOmpou' .3 4 .3 6 a
(REG) 16.10t 4.2 310 105.x10 61 10 20 1

Nationul Duas .3 4 .2 6.
(NAT) 3 4.a10 4.2 x10 30.x10 5.4.a10 i 0010 i

Pan,&, Rieocacr. ,1

37R . 3 4 16 x j2
171 23.10 211 1 10 0610

C. Risk With mitigation (Rev. 2--with Air-Spaoe Restrictions)

Aftemairvos of on* mainvivi 1116460 Expeas
of more W 98NS St .Md T~ Phow Atse

Falle6k.. Palbbe Palafis 41 ftA "s;4

Comrued bon. . .
25Vie (SIR11) 1.3.a108 0.031 0010 .16 6.10 0.7.10

0"M Di~mos.el .4 0.
11"S) 3.104 416 ai 04.10 Ls1 10 4.10 4

hPlAIlbonveaI .3 8 .3 6 .
PEG) 1.6310 10.x10 0,31011 109210 6.0.10ie

(NAT) 34.210 613x10 2.10 1.6.a10 1.108

36



greatest number and on-site disposal having the least. Continued storage
has 16 times more maximum fatalities than on-site disposal; the national or
regional alternatives have 7 times more than the on-site disposal
alternative and the partial relocation alternative has 4 times more than
the on-site disposal alternative.

The continued storage alternative has the greatest expected fatalities
in the unmitigated case, while the on-site disposal and regional disposal
alternatives have the least. The value of expected fatalities for the
partial relocation and national disposal alternatives is approximately
three times that for the on-site disposal alternative, while the value for
the continued storage alternative (25 years) is approximately 1,900 times
greater than for the on-site disposal alternative. This significant
difference is not displayed on the pictogram, since the darkest shading
category, in which continued storage falls, is unbounded on the higher end.

The difference between the expected fatalities for the continued
storage alternative and the other four alternatives is more precisely shown
in a plot of expected fatality estimates. Figure 11 portrays the expected
fatality estimates, with upper and lower bounds, for each of the five
unmitigated alternatives. The data show the dominance of expected
fatalities associated with 25 years of continuing storage over expected
fatalities associated with any of the seven disposal alternatives.
Continued storage shows a mean expected fatality value of approximately 20,
indicating that the analysis predicts a public fatality rate averaging
roughly one per year. The fact that no deaths to the public have occurred
after decades of storage does not mean the analysis is greatly in error or
unduly conservative, rather, it is because the continued storage accidents
are predicted to be infrequent (occurring far less frequently than 1 per
year) but severe (multiple fatalities).

Person-years-at-risk are approximately equal for the on-site disposal
and partial relocation alternatives. The national and regional disposal
alternatives have approximately five times more person-years-at-risk than
the on-site disposal alternative; and the continued storage alternative has
approximately 60 times more person-years-at-risk than the on-site disposal
alternative.

Expected plume area is greatest for the continued storage alternative,
and least for the on-site disposal alternative.

For the mitigated accident scenarios, Figures 9 and 10 show that on-
site disposal has the least probability of causing one or more fatalities.
Compared to on-site disposal, the regional disposal alternative has
approximately a 5 times greater probability of causing one or more
fatalities, continued storage has approximately seven times greater

probability of causing one or more fatalities, national disposal has
approximately 10 times greater probability of causing one or more
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fatalities, and the partial relocation alternative has approximately 11
times greater probability of causing one or more fatalities.

There was no change in the number of maximum fatalities possible or
the person-years-at-risk for the mitigated accident scenarios. Also,
addition of airspace restriction to the mitigation measures did not reduce
risk to any significant degree from a programmatic standpoint.

For the mitigated (revision 1) accident scenarios, the continued
storage alternative has the greatest expected fatalities, and on-site
disposal has the least expected fatalities. Compared to on-site disposal,
the value for expected fatalities is approximately 10 times greater for
regional disposal, 26 times greater for partial relocation, 30 times
greater for national disposal, and nearly 500 times greater for the
continued storage alternative.

The greatest reduction in the probability of one or more fatalities
for the mitigated accident scenarios, is in the on-site disposal and
continued storage alternatives, which both showed greater than 90 percent
reduction. The regional disposal and partial relocation alternatives
showed approximately a 60 percent reduction in expected fatalities; and the
national disposal alternative showed approximately a 40 percent reduction
in the probability of one or more fatalities.

The greatest reductions in the value of expected fatalities for the
mitigated accident scenarios also occurred in the continued storage and on-
site disposal alternatives, which both show greater than 90 percent
reduction from the unmitigated accident scenarios. The partial relocation
alternative shows approximately a 25 percent reduction in the expected
fatality value; the regional disposal alternative shows approximately 20
percent reduction in the expected fatality value; and the national disposal
alternative shows approximately a 5 percent reduction in the expected
fatality value.

As in the unmitigated case, the continued storage alternative has
significantly more expected fatalities than all other alternatives. In
addition, however, with addition of the accident mitigation measures, on-
site disposal is rendered significantly less risky than the other disposal
alternatives. (See Figures 12 and 13.)

3.2.2. Maior Sources of Risk in Each Alternative

Figures 14 through 18 display the cumulative risk for the five FPEIS
disposal alternatives, for the unmitigated accident scenarios (results for
the other three disposal alternatives are presented and discussed in
section 3.2.2.6.). Each curve shows the probability that the number of
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fatalities indicated by the horizontal scale is estimated to occur during
the course of the entire disposal program. The intercept of the risk curve
with the vertical axis, at a potential fatality of value of 1, is the
probability of one or more fatalities -- one of the chosen major measures
of programmatic risk. The area under each risk curve is numerically equal
the course of the entire disposal program. The intercept of the risk curve
with the vertical axis, at a potential fatality of value of 1, is the
probability of one or more fatalities -- one of the chosen major measures
of programmatic risk. The area under each risk curve is numerically equal
to another of the principal risk measures -- the expected fatalities of
the alternative (see note in section 2.3). Finally, the horizontal
intercepts (at probability - 10-10) indicate the maximum fatalities that
potentially could occur, although at very low probability, during the
execution of the disposal alternative. The intercept for the lower bound
curve indicates maximum fatalities for most-likely meteorology with wind
directed at the average population density; the dashed vertical line at the
right of each curve indicates the maximum fatalities for worst-case
meteorology with wind directed toward the maximum potentially affected
population. The latter value for maximum fatalities (i.e., worst-case
conditions) is the measure represented in the 'pictograms'.

The risk curves show mean values as the dotted curve, as well as upper
and lower uncertainty bounds (95 percent and 5 percent levels). The
uncertainty bounds have been estimated through the use of the range factor
data supplied by GA Technologies as a part of the accident scenario data
base (GA Technologies, 1987a, 1987b, 1987c). The method for estimating
uncertainty for a programmatic alternative is presented in Appendix B of
this report. Note that the uncertainty estimates are based on uncertainty
in the estimated probability that an accident will take place, not on
uncertainty in the consequence of an accident; nor do the uncertainty
estimates include the uncertainty in population density, atmospheric
conditions, and dose response. Uncertainty in wind direction is implied by
assuming a uniform wind rose (equal probability for any direction) in
conjunction with the assumptions of most-likely meteorological conditions
and average population densities used for all probabilistic risk
computations.

The effects of mitigation for each of the five FPEIS disposal
alternatives are displayed by the cumulative risk curves in Figures 19
through 23. These risk curves do not show the uncertainty bands, which are
well represented by Figures 14 through 18 but, instead, show three mean
value curves -- one for each level of mitigation.

3.2.2.1 Continued Storage. The programmatic risk due to the
continued storage alternative for the unmitiated case is portrayed in
Figure 14. The risk is made up of both internally- and externally-
initiated potential accidents. Storage of bulk containers accounts for 99
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percent of the risk. Externally-initiated events, and, in particular,
relatively mild earthquakes that result in fires affecting warehouse
storage of bulk containers of mustard or VX at three sites (NAAP, UMDA, and
TEAD), account for nearly all of the risk as measured by expected
fatalities (the area under the cumulative risk curve), with earthquakes at
the NAAP warehouse dominating. The probability of these earthquake events
occurring in any given year is in the range of 10-4 to 10-5 , and the amount
of agent potentially released is in the range of 10,000 to 100,000 pounds
the NAAP warehouse dominating. The probability of these earthquake events
occurring in any given year is in the range of 10- 4 to 10-5 , and the amount
of agent potentially released is in the range of 10,000 to 100,000 pounds
or more -- an amount which, because it can released as a vapor cloud fed by
burning agent, can cause downwind plume lengths ('no-deaths' hazard
distances, most-likely weather) of 20 to 50 km. Such large plumes could
result in large numbers of fatalities, even in remote areas.

The next most significant contributor to risk of continued storage is

the result of another external event -- a small aircraft crash into the
open storage yard, containing ton containers of mustard, at APG. Like the
warehouse accidents, this scenario involves the fire-induced release of
mustard agent. The frequency expected for this accident is 10-5 per year
and the quantity of agent released is in the range of 5000 lbs, which can
result in a plume length of approximately 3 km.

The analysis has identified a number of highly probable agent-releasing
handling accidents associated with movement of the stockpile for
maintenance and surveillance. These accidents, although estimated to occur
more frequently than earthquakes or aircraft accidents (frequency of 10-2

per year) release small quantities of agent since the contents of only one

munition or pallet is involved, and the accident can be cleaned up more
quickly. Because the release quantities are smaller, the downwind hazard

distances are less. Therefore, handling accidents during storage do not
contribute significantly to the population risks associated with the
continued storage alternative.

The risk curve shows that accidents with consequences greater than
5000 fatalities could occur. These accidents involve aircraft crashing
into the warehouse at NAAP resulting in fire-induced release of agent VX.
However, the probability of these potential accidents is less than 10-7,
and the resulting contribution to expected fatalities is relatively low.
The risk curve also shows a probability of one or more fatalities (the Y-
axis intercept) to be 0.05 with a range factor of approximately 10. This
means that the chance of a fatal accident (one or more deaths) Per Year is
0.05/25 - 0.002, with the same range factor. Thus, the risk analysis
predicts a fatal event every 500 years (500 - 1/0.002), give or take a
factor of 10.

53



The effects of mitigation are portrayed in Figure 19. For the case of
Mitigation., Revision 1, the risk analysis shows that the probability of one
or more fatalities is reduced by a factor of approximately 26, while
expected fatalities decreases by a factor of approximately 42. There is no
change to the maximum number of fatalities or the person-years-at-risk for
this alternative. Storage activities account for approximately 99 percent
of the expected fatalities, while handling associated with movement of the
stockpile for maintenance and surveillance during continued storage
accounts for the remainder. Bulk containers account for approximately 99
percent of the expected fatalities. With the introduction of Mitigation
Revision 2, the probability of one or more fatalities is reduced by
approximately a factor of 2, and the expected fatalities are approximately
equal.

3.2.2.2 On-Site Disposal. The programmatic risk of on-site disposal
for the unmitigated case is displayed in Figure 15. Several activity
categories contribute to on-site disposal risk; 93 percent being caused by
chemical disposal plant operations; 2 percent caused by handling in the
storage area and at the disposal facility; and, 4 percent being caused by
on-site transportation. The major contributors to on-site disposal risk
are earthquakes damaging the disposal plant and human-error-induced
accidents involving inadvertent feed of a burstered munition to the dunnage
incinerator. These accidents are among the most frequent of all those
identified for this alternative; they have a probability of occurring
during the stockpile program of approximately 10-3 . The agent release for
the earthquake scenario is large because the munition demilitarization
building (MDB) is assumed to be severely damaged and bulk agent quantities
and/or multiple munitions are involved; the estimated potential release,
via fire, is sufficient to generate a lethal plume approximately 3 km long,
The dunnage furnace scenarios involve lesser release quantities, since only
single munitions are involved. Aircraft crashes into the disposal plant do
not contribute significantly to risk because of the relatively small size
of the target and of the local inventory available for release, and because
of the relatively short time the plant is in operation (<3 years at most
sites).

On-site transport of munitions also contributes significantly to on-
site risk because large quantities of agent can be involved in vehicle
accidents, and because the probability of occurrence, although only 10-10
accidents per vehicle-mile, is relatively high because there are many
vehicle-miles involved in the CSDP.

Handling accidents which contribute most significantly to on-site risk
are the dropping of an on-site container or a pallet of munitions.

The on-site disposal alternative has the lowest maximum consequence
accident (most-likely meteorological conditions) of any alternative. The
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maximum potential fatality event could cause an estimated 54 deaths (under
these most-likely conditions) as a result of either an earthquake, leading
to a fire in the disposal plant, or a serious on-site transport vehicle
accident; all these maximum consequence accidents involve the fire-borne or
detonation-caused release of agent VX.

In addition to the dunnage incinerator accidents discussed above,
other accidents having probabilities in the range of 10-4 to 10- 3 per
stockpile also include handling operations both at the storage yard and at
the plant; these handling accidents, with the exception of accidents during
handling of ton-containers containing GB, do not result in consequences
beyond the boundaries of the military reservation.

The effects of mitigation are portrayed in Figure 20. For the case of
Mitigation. Revision 1, the probability of one or more fatalities is
reduced by a factor of approximately 22, while expected fatalities
decreases by a factor of approximately 10. On-site transportation
activities account for approximately 44 percent of.the expected fatalities,
while plant operations account for approximately 48 percent. Fifty percent
of the expected fatalities can be attributed to rockets, and approximately
42 percent to bulk containers. Expected fatalities caused by plant
operations activities were reduced by a factor of approximately 20 while
expected fatalities caused by handling activities were reduced by
approximately a factor of 4. There is no additional reduction in risk with
the introduction of Mitigation. Revision 2.

3.2.2.3 Regional Disposal (Rail). Figure 16 illustrates the
programmatic risk for the unmiigated regional disposal alternative. Over
60 percent of the total risk (expected fatalities) is due to potential off-
site transport accidents; 25 percent of the risk is due to plant operations
and less than 10 percent results from on-site transport; short-term storage
and handling together contribute less than 5 percent to total risk. Of the
risk contributed by off-eite transportation, 80 percent is due to the
transport of rockets, followed in significance by an 11 percent
contribution due to transport of mines. Of total regional disposal risk,
over 60 percent is due to rockets.

Among individual accident scenarios, those contributing most to risk
are due to off-site rail transport of rockets. Of nearly equal risk are
dunnage incinerator accidents involving rockets and mines.

In contrast to the on-site disposal risk curve (Figure 15), the
regional alternative includes potential accidents with much higher
consequences (most likely conditions): greater than 1400 maximum fatalities
vs. 54 for on-site. The highest consequence event involves short-term
storage of the transportation containers of rockets in the holding area.
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However, the probability of this high consequence accident is low: less
than 10-

The highest probability accidents for this alternative are those due
to inadvertent feeding of burstered munitions into the dunnage incinerator
and handling accidents involving single munitions or a pallet of munitions.
These high probability accidents are not of sufficient consequence, under
most-likely conditions, to cause fatalities beyond the boundaries of the
military reservation with the exception of dunnage furnace accidents
involving mines and rockets.

The effects of mitigation are portrayed in Figure 21. For the case of
Mitieation. Revision 1, the probability of one or more fatalities is
reduced by a factor of 2, while the expected fatalities does not
significantly decrease. Plant operations expected fatalities were decreased
by a factor of 47. Off-site transportation activities account for
approximately 77 percLat of the expected fatalities, on-site transportation
accounts for approximately 18 percent of the expected fatalities, and the
remainder is distributed among the handling, storage, and plant operations
activities. Rockets account for approximately 66 percent of the expected
fatalities, while projectiles and mines account for approximately 14 and 11
percent of the expected fatalities respectively. With the introduction of
Mitigation. Revision 2, the maximum fatalities are reduced by a factor of
approximately 7. There is no reduction in the probability of one or more
fatalities or in the expected fatalities.

3.2.2.4 National Disposal (Rail). The programmatic risk due to the
national disposal alternative without mitigation is portrayed by Figure 17.
The risk curve appears to be very similar to that for regional disposal, as
one might expect since the mix of activities is the same, with the major
differences due to where the accidents might take place. Relative to
regional disposal, the national alternative involves the transportation of
the ANAD stockpile to TEAD and the shift of all plant operations to TEAD.

Of the total risk, approximately 90 percent is caused by off-site
transportation and less than 5 percent is caused by chemical disposal plant
operations. Of the off-site transportation risk, over 95 percent is caused
by transportation of energetic munitions, approximately 55 percent of that
being caused by transportation of rockets, and 25 percent by transportation
of projectiles.

As with regional disposal, the major contributors to risk among
individual accident scenarios are the off-site rail transportation
accidents. However, for this alternative, the highest risk accidents
include those due to projectiles and mines, representing the risk due to
transport of the ANAD stockpile to TEAD.
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The highest consequence scenario, involving potential fatalities of
over 1400, is the same as for the regional alternative: short-term storage
of rockets in the holding area.

Highest probability accidents (probability greater than 10-4) for
national disposal are due to plant operations (inadvertent feed of
burstered munitions to dunnage incinerator), handling, and off-site rail
transportation. Of these, the handling accidents do not lead to plume
lengths which exceed the boundary of the military reservation with the
exception of those involving ton containers of GB, and therefore do not
contribute significantly to risk.

The effects of mitigation are portrayed in Figure 22. For the case of
Mitigation, Revision 1, there is no significant reduction in the
probability of one or more fatalities or the expected fatalities.
Approximately 97 percent of the expected fatalities are caused by off-site
transportation activities. Rockets account for approximately 56 percent of
the expected fatalities, while projectiles and mines account for
approximately 28 and 7 percent respectively. With the introduction of
Mitigation, Revision 2, maximum fatalities are reduced by a factor of
approximately 7. There is no significant reduction in the probability of
one or more fatalities or in expected fatalities.

3.2.2.5 Partial Relocation: APG & LBAD to TEAD by Air(Cl41).
Programmatic risk for the unMitizated partial relocation alternative, on-
sit-, disposal at all sites except for transport of the APG and LBAD
sto-kpiles to TEAD via C141 aircraft, is shown in Figure 18. Of total
risk, 71 percent is due to off-site transportation and 27 percent results
from plant operations. Accidents involving rockets contribute 77 percent
of total risk. In-flight air accidents (along the transportation corridor)
account for 46 percent of total risk for this alternative.

The highest consequence accidents, under most-likely conditions, for
thi, alternative (112 potential fatalities) are due to aircraft take-off
accidents involving rockets and projectiles containing GB.

The probability of one or more fatalities for this alternative is
approximately 10.2.

The effects of mitigation are portrayed in Figure 23. For the case of
Mitigation. Revision i, the probability of one or more fatalities is
reduced by approximately a factor of 3, while expected fatalities, the
area under the curve (on rectilinear scales), does not significantly
decrease. Plant operations activities show the greatest expected
fatalities reductions, reduced by approximately a factor of 21. Expected
fatalities caused by mines were reduced approximately a factor of 21, while
expected fatalities caused by bulk containers were reduced by approximately
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a factor of 4. There is no additional reduction in risk with the
introduction of Mitigation. Revision 2.

3.2.2.6 Other Partial-Relocation Alternatives. As noted above
(section 3.1.1), three partial relocation disposal alternatives (those
involving use of the C5 aircraft or water-mode transport of the APG
stockpile to Johnston Island) were initially treated in the risk analysis
but were subsequently screened from further consideration in the mitigation
analysis and in the FPEIS. Risk analysis results for those three
alternatives will be summarized in this section.

Expanded 'pictograms' comparing the programmatic risk for all eight
disposal alternatives in the vicinity of the disposal/storage sites and
along the air and water mode transportation corridors are shown in Figures
24a and 24b, respectively. Thess 'pictograms' display seven measures of
risk, including the two individual risk measures which are not a part of
the 'pictograms' prepared subsequent to the selection of the five FPEIS
disposal alternatives. Figure 25 is the expected fatalities chart for all
eight alternatives. The risk curves for the eliminated alternatives are
presented as Figures 26 through 28. The major features of programmatic
risk for these three partial relocation alternatives are summarized below.

An examination of Figures 24 and 25 shows that, among the disposal
alternatives (not including continued storage), alternative PRA -- partial
relocation of the APG and LBAD stockpiles by air (C) to TEAD with all
other stockpiles disposed of on-site -- appears to be significantly more
risky (on the basis of expected fatalities), by approximately a factor of
10. Whether or not the difference between PRA and the other disposal
alternatives, all of which appear to pose approximately the same risk in
terms of expected fatalities, is statistic.lly significant will be
discussed in section 4.1.

Partial Relocation: APG & LBAD to TEAD by Air (C5). In Figure 26,
programmatic risk for the partial relocation alternative, PRA, consisting
of on-site disposal at all sites except for movement of the APG and LBAD
stockpiles to TEAD via C5 aircraft is portrayed. Of the total risk,
measured as expected fatalities, 95 percent is due to off-site
transportation (all by air mode), and most of the remaining 5 percent
results from plant operations. Of the off-site transportation risk, two-
thirds takes place along the transportation corridors and the remaining
third takes place at the originating site in the form of take-off
accidents; less than 2 percent of the transportation risk is experienced at
the destination site (TEAD), and that risk is in the form of accidents
during landing. Among munition types, rockets account for nearly 90
percent of the total risk for this alternative.
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The most probable accident scenarios (probabilities greater than 10-
3 )

consist of the dunnage incinerator scenarios, the in-flight aircrash
scenarios, and certain handling accidents. However, the high probability
handling accidents involve no fatalities beyond the military reservation
boundary (even though the 'no-deaths' plume length extends beyond the
assumed 0.5 km site boundary -- see discussion of this point in section
4.2.2).

The highest consequence accidents (potential fatalities of 335, most-
likely conditiong) for this alternative are aircraft take-off accidents
involving proj~ctiles or rockets containing GB.

Partial Relocation: APG to JI by Water: LBAD to TEAD by Air (C141).
Programmatic risk for the partial relocation alternative, PRC, on-site
disposal at all sites except for transport of the LBAD stockpiles to TEAD
via C141 aircraft, and transport of the APG stockpile to Jl by water, is
shoun by the risk curve in Figure 27. Of total risk, 70 percent is due to
off-site transportation and 27 percent results from plant operations.
Accidents involving rockets contribute 77 percent of total risk. Accidents
along the transportation corridor account for 46 percent of total risk for
this alternative.

The highest consequence accidents for this alternative (909 potential
fatalities) are due to aircraft crashes onto the LASH vessel while at
anchorage, resulting in an uncontained fire.

The probability of one or more fatalities for this alternative is also
approximately 10-2.

Partial Relocation: APG to J1 by Water. Programmatic risk for the
partial relocation alternative, PRW, on-site disposal at all sites except
for transport of the APG stockpile to Jl by water, is shown by the risk
curve in Figure 28. Of total risk, less than I percent is due to off-site
transportation while the bulk of the risk (92 percent) results from plant
operations. Accidents involving rockets contribute 42 percent of total
risk; mine-related accidents contribute 25 percent to risk; and, accidents
involving bulk containers account for 31 percent of the total.

The highest consequence accident for this alternative (909 potential
fatalities), as for the partial relocation alternative, PRC, is due to
small aircraft crashes onto the LASH vessel while at rest, resulting in an
uncontained fire.

The probability of one or more fatalities for this alternative is
approximately 10-2.
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3.3 Location-Specific Risk

In this section, the distribution of risk according to location
(storage/disposal -- i.e., "fixed" -- sites and transportation corridors)
is presented by means of the 'pictogram' display of the major risk
parameters as shown in Figures 29 through 70. The first 15 pictograms,
Figures 29 through 43, compare the risk measures for each of the five FPEIS
disposal alternatives at each of the eight sites for the unmitigated case
plus two levels of mitigation. Figures 44 through 46 present the risk to
the transportation corridor populations (which is not affected by the
proposed mitigation measures) for the three alternatives involving off-site
transport of the stockpile. Figures 47 through 70 present the 'pictogram
displays of risk measures for each of the eight sites and for the
unmitigated case plus two levels of mitigation. Although the relevant
values (shadings) in Figures 29 through 43 are identical to those for
Figures 47 through 70, the informa"'Dn is presented on a site-by-site basis
for the latter figures to facilitate comparison of risks at a site for the
different alternatives. The reader should note that all figures displaying
site risk do not incorporate risks along a transportation corridors. (The
corresponding 'pictogram' for all locations combined was presented as
Figures 8 through 10, depending on mitigation level.)

In addition, risk to an individual -- a meaningful concept only when a
specific location is considered -- is discussed, in section 3.4, in terms
of both the probability of an individual's death at a given distance from a
fixed site or transportation corridor (equal to maximum individual risk
when that given distance is the minimum), the maximum lethal distance from
a potential accident site, and the individual's 'time-at-risk'.

3.3.1 Distribution of Programmatic Risk by Location

In addition to the differences in overall programmatic risk among the
disposal alternatives, as presented in section 3.2, there are major
differences in how that risk (as measured by expected fatalities) is
distributed among the affected population groups. The pictograms
supporting this discussion are those presented in Figures 29 through 46.
In this regard, we note the following:

For continued storage, the risk is borne primarily by two sites:
NAAP with 85 percent of the total, and UHDA with 14 percent; when
mitigation is introduced, the total program risk burden becomes
somewhat more evenly shared, with NAAP dropping to 75 percent of
the total (reduced) program risk and APG and UMDA carrying equa±
portions of the remainder of the risk; the risk of continued
storgJ i relatively insignificant at the remaining five sites.
When ai.-space restrictions are introduced (mitigation, revision
2), the major beneficiary is the APG area, with its contribution to
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SITE-SPECIFIC COMPARISON OF RISK FOR
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(Risk along transportation corridors not included)
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SITE-SPECIFIC COMPARISON OF RISK FOR
NATIONAL DISPOSAL (NAT)

(Risk along transportation corridors not included)
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FIGURE 41

SITE-SPECIFIC COMPARISON OF RISK FOR
PARTIAL RELOCATION (PR)

(Risk along transportation corridors not included)
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Probability
o One MaxImum Person- Expected

Site or More Number of Eectd Years Plume Area
Fatalities Fatalities Fatalities at Risk (kn2 )
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FIGURE 42

RISK WITH MITIGATION (REV. 1):
SITE-SPECIFIC COMPARISON FOR

PARTIAL RELOCATION (PR)

(Risk along transportation corridors not Included)
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Probability

Site ot Ore Maximum Person- ExPCI
or More Number of leC d Yews Pliume Area

Fatalities Fatalities Fatalities at Risk (kin2 )
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FIGURE 43

RISK WITH MITIGATION (REV. 2):
SITE-SPECIFIC COMPARISON FOR

PARTIAL RELOCATION (PR)

(Risk along transportation corridors not Included)
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Coridr o Oe illxiumPerson- Expected
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FIGURE 44

RISK ALONG RAIL TRANSPORTATION CORRIDORS
FOR REGIONAL DISPOSAL

-ALL MITIGATION LEVELS-
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FIGURE 45

RISK ALONG RAIL TRANSPORTATION CORRIDORS
FOR NATIONAL DISPOSAL

*ALL MITIGATION LEVELS.
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Probability

Corridor of One Mimum Person- Expected
or More Nu'yer of F1e0 Years Plume Area
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FIGURE 46

RISK ALONG AIR TRANSPORTATION CORRIDOR
FOR PARTIAL RELOCATION DISPOSAL

ALL MITIGATION LEVELS .
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Alternatives oOne &41xifm Pnum xee

Coninued Storage
25 Yrs. (STR)

On-Site Disposal
(ONS)

Regional Disposal

National Disposal
(NAT)

Partial Relocation
(PR;

Numerical Equivalents
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Shading Fatalities Fatalities Fatalities at Risk (km2
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FIGURE 47

RISK IN THE VICINITY OF
ANNISTON ARMY DEPOT (ANAD)

.4 FOR PROGRAMMATIC ALTERNATIVES

(Risk along tranhportationt corridors not Included)
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Alternatives of One MaximumPesn xca
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FIGURE 48

RISK, WITH MITIGATION (REV. 1),
IN THE VICINITY OF

ANNISTON ARMY DEPOT (ANAD)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not included)
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Probability
Alternatives of Or*e Maximum Person- Expected

or More Number of Ezpcfd Years Plumait Area
Fatalities Fatalitis Fatalities at Risk (kmF~

Continued Storage
25 Yrs. (STR)

On-Site Disposal
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Partial Relocion
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FIGURE 49

RISK, WITH MITIGATION (REV. 2),
IN THE VICINITY OF

ANNISTON ARMY DEPOT (ANAD)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not included)
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Alternatives of Ori maxmumPesn lmi

Continued Swrage
25 Yrs. (STR)

On-Site Disposal
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FIGURE 50

RISK IN THE VICINITY OF
ABERDEEN PROVING GROUND (APO)

FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors or not included)
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Alternatives of Ones Maximum Person- Pluectea
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FIGURE 51

RISK, WITH MITIGATION (REV. 1),
IN THE VICINITY OF

ABERDEEN PROVING GROUND (APG)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transporation corridors not included)
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Probability

Alternatives of One Maximum Person- Expected
or More Number of r:p ~w Years Plume Area
Fatalities Fatalities Fatalities ait Risk (kin2 )

Continued Storage
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FIGURE 52

RISK, WITH MITIGATION (REV. 2),
IN THE VICINITY OF

ABERDEEN PROVING GROUND (APO)
FOR PROGRAMMATIC A'.TERNATIVES

(Risk along transportation corridors not Included)
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AlontvsOf one Maximum Person- EW*pstd
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FIGURE 53
RISK IN THE VICINITY OF

LEXINGTON-BLUE GRASS ARMY DEPOT (L3AD)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not Includsid)
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Probability
Alternatives of One M4admum Person- Expected

or More Nurner of Eeced Years Plume Area
Fatalities Fatalities Fatalities at Risk (kn2
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FIGURE 64

RISK, WITH MITIGATION (REV. 1),
IN THE VICINITY OF

LEXINGTON-BLUE GRASS ARMY DEPOT (LBAD)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not included)
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Probability

Alternatives 04 One Maximum Person- Expected
or More Number of Epee Years Plume Area
Fatalities Fatalities Fatalities at Risk (kmn2

Contiuue Storage
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FIGURE 55

RISK, WITH MITIGATION (REV. 2),
IN THE VICINITY OF

LEXINGTON-BLUE GRASS ARMY DEPOT (LOAD)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not included)
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Alternatives of O1,111 MiaximumPesn xid
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FIGURE S6

RISK IN THE VICINITY OF
NEWPORT ARMY AMMUNITION PLANT (NAAP)

FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridor not included)
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Alternatives ofOn@ Maximum Pro- Epce
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FIGURE 57

RISK, WITH MITIGATION (REV. 1),
IN THE VICINITY OF

NEWPORT ARMY AMMUNITION PLANT (NAAP)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not Included)
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Alternatives Mt 1jmof Onese Maimmeron- w re

Continued storage
25 Yrs. (STR)

On.Sits Disposal
(ONS)

Regional Disposal
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Nationa! Disposal
(NAT)

Partial Relocation
(PR)
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FIGURE 5

RISK, WITH MITIGATION (REV. 2),
IN THE VICINITY OF

NEWPORT ARMY AMMUNITION PLANT (NAAP)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not Included)
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Alternatives O n aiu eso- Eea

Continued Stoage
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National Disposal
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FIGURE 59

RISK IN THE VICINITY OF
PINE BLUFF ARSENAL (PSA)

FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors or not Includeid)
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Alternatives or More Numer of Eapeced Years Plume Area
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FIGURE 60

RISK, WITH MITIGATION (REV. 1),
IN THE VICINITY OF

PINE BLUFF ARSENAL (PBA)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not Included)
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Alternatives Of One MaximumnPro- Epm

Continued Storage
25 Yrs. (STR)
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FIGURE 61

RISK, WITH MmOATION (REV. 2),
IN THE VICINITY OF

PINE BLUFF ARSENAL (PEA)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not Included)
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FIGURE 62

RISK IN THE VICINITY OF
PUEBLO DEPOT ACTIVITY (PUDA)

FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not Included)
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Alternatives Of One Maximum Person. Expeced
or More Number of Exece yaws Plume Area
Fatalities Fatalies Fatalities aI Pllk (kin2 )
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FIGURE 63

RISK, WITH MITIGATION (REV. 1),
IN THE VICINITY OF

PUEBLO DEPOT ACTIVITY (PUDA)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not included)
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FIGURE 64

RISK, WiTH MITIGATION (REV. 2),
IN THE VICINITY OF

PUEBLO DEPOT ACTIVITY (PUDA)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not included)
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FIGURE 65

RISK IN THE VICINITY OF
TOOELE ARMY DEPOT (TEAD)

FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not included)
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FIGURE 6S

RISK, WITH MITIGATION (REV.1),
IN THE VICINITY OF

TOOELE ARMY DEPOT (TEAD)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not included)
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FIGURE 67

RISK, WITH MITIGATION (REV.2),
IN THE VICINITY OF

TOOELE ARMY DEPOT (TEAD)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not included)
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FIGURE 68

RISK IN THE VICINITY OF
UMATILLA DEPOT ACTIVITY (UMDA)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not Included)
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FIGURE 69

RISK, WITH MITIGATION (REV. 1),
IN THE VICINITY OF

UMATILLA DEPOT ACTIVITY (UMDA)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not Included)
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FIGURE 70

RISK, WITH MITIGATION (REV. 2),
IN THE VICINITY OF

UMATILLA DEPOT ACTIVITY (UMDA)
FOR PROGRAMMATIC ALTERNATIVES

(Risk along transportation corridors not Included)
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total programmatic risk dropping from over 10 percent (mitigation,
revision 1) to well less than 1 percent.

" Risk is somewhat more evenly shared for the unmitigated on-sil&
disposal alternative, but even here, large disparities exist: 48
percent of the total risk would be experienced at PBA, with 2
percent or less of the total borne at each of four sites -- APG,
LBAD, PUDA and UMDA. When mitigation is introduced, overall risk
drops by more than a factor of 10, and 75 percent(of the reduced
programmatic risk is borne in approximately equalshares by PBA and
NAAP; LBAD, ANAD, and TEAD each experience betweeh 5 percent and 10
percent of the total; with the remaining sites bearing less than 3
percent each of the total (reduced) programmatic risk. Air-space
restriction has no effect on this alternative. I

* For the regional alternative, 63 percent of the total programmatic
risk is borne by the population groups along the ltransportation
corridors, and only 3 percent is felt by the populations near the
originating sites; the remaining 34 percent is borne by the
destination site populations (ANAD and TEAD), with ANAD's share
three times TEAD's. Risk along the transportation corridors is due
principally to shipment of the PBA and LBAD stockpiles. When
mitigation is introduced, the risk borne by the corridor
populations rises to over 75 percent of the slightly lower (by 20
percent) total risk; the disposal sites (ANAD and TEAD) now
experience less than 20 percent of the total -- most of that risk
carried by the ANAD area; transportation corridor risk remains
essentially unchanged in an absolute sense. Air-space restrictions
would reduce the originating site contribution to total risk, with
the major benefit seen at APG (where risk is reduced to less than
10-6.

92 percent of the risk for the national alternative is distributed
along the transportation corridors, leaving less than 2 percent of
the risk to be borne by the originating sites. The remaining 6
percent of the total is felt by the TEAD population group. Of the
transportation corridor risk, over 50 percent is the result of
transporting the ANAD stockpile; the LAD and PBA stockpiles also
contribute nearly 20 percent each. With mitigation (revision 1),
disposal site (TEAD) total risk drops from 6 percent to 1 percent
of the total with transportation corridor population groups seeing
their share of the risk rise to 98 percent of the total;
originating site risk is hardly affected. Air-space restriction
benefits principally the (originating-site) risk at APG, and
reduces the already small originating-site contribution (all sites)
to total programmatic risk to under 1 percent.
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* For the partial relocation alternative, nearly half the risk is
borne by the corridor populations, with the air-movement of the
LBAD stockpile contributing over 98 percent of the corridor risk
(68 percent of total risk for the alternative). TEAD sees only 3
percent of the risk, while LBAD and APG as the originating sites
contribute roughly 25 percent and 5 percent, respectively; risk at
the remaining sites is the same as for the on-site alternative.
Mitigation, which reduces th**rogramatic risk for this
alternative by over 25 percent, leads to a situation where 62
percent of the risk is experienced by corridor populations and less
than 2 percent is seen by TEAD; the originating site risk at LBAD
is not affected by these mitigation measures, so it's contribution
to the total grows to over 30 percent. The effects of air-space
restrictions on risk and its distribution for this alternative are
negligible.

3.3.2 Factors Contributing to Community/Societal Risk. by Location

Risk at disposal/storage sites includes all activities that take place
there. These include both storage and disposal activities, as well as any
activities (such as extra handling and temporary storage while awaiting
shipment) that could be associated with preparing the stockpile for off-
site transport. The sites are identified by the codes listed in section
3.1.1.

3.3.2.1 Anniston Army DeRot (ANAD). Figures 47 through 49 display
the major risk measures for all applicable disposal alternatives at ANAD;
each figure portrays either the unmitigated case or one of the two levels
of mitigation. Considering first thgmjatuu case, Figure 47 shows
that for all major risk measures, 6 Thued storage poses the highest risk
of any alternative. Among the disposal alternatives, all appear to pose
the same risk (within the numerical ranges defining the 'pictogram'
shadings) to the public except for national disposal for which risk is one
or two categories lower for probability of one or more fatalities and
expected fatalities. Person-years-at risk is high for the national and
regional alternatives.

For the case of D2mit . S major contributors to
community/societal risk to the com ty in the vicinity of ANAD, as
measured by expected fatalities, for each of the disposal alternatives is
summarized below:

Continued storage risk at ANAD is mostly (90 percent) due to
handling activities; the remainder of the risk results from
external events affecting the stockpile. Furthermore, over 90
percent of the risk is due to projectiles.
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* For the on-site and partial relocation (which, for ANAD, is the
same as on-site) alternatives, 97 percent of the risk is due to
plant operations, and of that risk, roughly 70 percent is due to
the disposal of mines with most of the remainder due to rockets.

* The regional disposal risk is due primarily (75 percent) to plant
operations; most of the remainder (22 percent) results from on-site
transport. Roughly 40 percent of total risk is due to rockets;
another 40 percent is due to mines; only 1 percent of the risk
results from disposal of bulk agent. The reason for the relatively
high risk of the regional alternative is the need to process the
additional inventory of munitions shipped in by rail from other
sites.

0 For the national alternative, 62 percent of the risk is due to on-
site transport accidents and 37 percent results from handling
accidents. Among the munition types, nearly 80 percent of the risk
results from rockets, with the remainder split evenly between mines
and projectiles.

The introduction of mitigation. revision 1 (all measures except air-
space restriction) results in some risk reduction at ANAD (see Figure 48).
Significant reductions may be realized for continued storage and the on-
site disposal alternative; less benefit can be expected for the regional
and partial relocation alternatives. The major impacts of mitigation for
each alternative are summarized below:

0 For continued storage, mitigation reduces the probability of one or
more fatalities and expected fatalities by an order of magnitude.
Since the highest consequence accident (an aircraft crash) is not
mitigated, there is no reduction in maximum number of fatalities or
person-years-at-risk. With mitigation, nearly 90 percent of the
expected fatalities are due to external events, although handling
accidents remain the major contributor to probability of one or
more fatalities. Mitigation reduces the risk due to projectiles by
a factor of more than 10, without affecting the risk due to
rockets; as a result, with mitigation, projectiles would contribute
less than 60 percent to risk, with the remainder due to rockets.

* For on-site disposal (same as Dartial relocation at ANAD),
mitigation reduces the probability of one or more fatalities and
expected fatalities by about 95 percent. Since the highest
consequence accident (detonation during on-site transport) is not
mitigated significantly, there is no reduction in the maximum
number of fatalities or person-years-at-risk measures. With
mitigation, the greatest risk contributor is the accident involving
detonation during on-site transport, representing 40 percent of the

111



total; plant operations accidents account for nearly 40 percent of
the total as well.

For regional disposal, mitigation reduces probability of one or
more fatalities by about 80 percent and expected fatalities by 50
percent; the other risk measures remain unchanged. Most of the
risk (approximately 95 percent) is attributable to an on-site
accident involving a detonation. Mines are responsible for about
60 percent of the risk; rockets contribute 10 percent.

* Mitigation has no significant effect on any of the risk measures
for the national alternative.

With the addition of air-snace restriction (see Figure 49) to the
mitigation measures discussed above, only the continued storage is
affected. Relative to mitigation without air-space restriction (revision
1), expected fatalities would be reduced by nearly 90 percent and maximum
number of fatalities and person-years-at-risk would be more than 99 percent
lower. However, the probability of one or more fatalities is not reduced
significantly by the restriction of air-space -- the reason being that this
measure is dominated by other, higher probability events which are not
mitigated by air-space restriction.

3.3.2.2 Aberdeen Proving Ground (APG). The risk from the various
disposal alternatives to the population about APG is illustrated by the
'pictograms' in Figures 50 through 52, covering the unmitigated case plus
two levels of mitigation. For the jjgaed case (Figure 50), it appears
that, except for the probability of one or more fatalities, all risk
measures indicate that the on-site alternative poses the least risk. On
the basis of expected fatalities, the risk due to the disposal alternatives
is roughly the same (within 25 percent) for all. Risk associated with the
continued storage alternative is greater than for any of the disposal
alternatives by a factor of 10 - 100.

The major contributors to risk for each u alternative at APG
are summarized below:

100 percent of the continued storage risk is due to external events
(aircraft crashes) during storage; there are no handling events of
risk significance, a result of the fact that APG's stockpile
consists only of mustard agent in bulk containers, and the handling
accidents lead only to spills or spills with fire which do not
create plumes that move beyond the boundary of the military
reservation.

• For the on-site alternative, 100 percent of the risk results from
plant operations.
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* The risk due to regional and national alternatives (the same for

those living near APG) is due entirely to accidents during short-
term storage related to off-site transportation via rail.

* For the partial relocation -- air mode alternative, more than 95
percent of the risk arises from off-site transportation-related
activities -- mainly crashes of aircraft carrying bulk containers
of mustard, during take-off. The remainder of the risk results
from short-term storage activities.

" For the partial relocation -- water mode alternative, the risk is
about evenly split between off-site transportation-related
accidents -- those affecting the loaded LASH when underway in the
Chesapeake Bay -- and short-term storage accidents -- an aircraft
crashing into a loaded LASH while still moored in the Aberdeen
area.

For the mitigated accident scenario set (all measures except air-space
restriction -- see Figure 51), the following risk reductions are realized,
by disposal alternative:

* For continued storage, mitigation does not significantly change any
of the measures of risk.

* For on-site disposal, mitigation reduces the probability of one or
more fatalities and expected fatalities by almost an order of
magnitude. Since the highest-consequence accident (an earthquake)
is not sufficiently mitigated to remove it from the set of credible
accidents, there is no reduction in the maximum number of
fatalities or in person-years-at-risk. With mitigation, the plant
operations accidents remain the only contributors to risk.

* For regional and national disposal, mitigation reduces risk by
about 5 percent. Accidents during short-term storage remain the
only contributors to risk.

" For partial relocation, mitigation leads to a reduction in risk of
less than 20 percent. Although the consequences of a crash during
take-off of an aircraft loaded with mustard bulk containers are
somewhat mitigated by transporting the mustard in a frozen state,
this accident remains the major contributor (>95 percent) to the
risk at APG.

If air-space restrictions (mitigation, revision 2 -- see Figure 52)

are introduced, significant reductions in risk at APG would result for
continued storage and the national and regional alternatives. Mitigation
of aircraft crashes benefits the partial relocation alternative somewhat
but has no effect on the risk of the on-site disposal alternative.
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* For continued storage, both expected fatalities and the probability
of one or more fatalities are two orders of magnitude lower with
the reduction in frequency of aircraft crash accidents. Since the
consequences of this accident are not mitigated, the maximum number
of fatalities and person-years-at-risk are not affected.

* For the on-site disposal alternative, restricting air-space has no
effect on the risk because all accidents involving aircraft damage
to the MDB have probabilities below 10-8 and are screened out of
the analysis. Although there is a relatively high potential for
small aircraft crashes at APG, such crashes are not considered to
have enough impact to damage the MDB. Large aircraft crashes,
which could damage the MDB, are expected to be relatively
infrequent at APG.

" For the partial relocation alternative, since over 95 percent of
the risk is due to crashes of aircraft carrying bulk containers of
mustard, reducing the frequency of other aircraft crash accidents
does not significantly reduce the risk of this alternative.
However, consequences of a crash into temporary storage are greater
than for a crash of the aircraft containing mustard. Therefore,
eliminating the former accident reduces the maximum number of
fatalities and the person-years-at-risk. With restricted air-
space, the probability of this accident would drop below 10-8, thus
eliminating it from the data base. For this reason, the maximum
number of fatalities is reduced from 2300 to about 300 and the
person-years-at-risk from 4 x 105 to 2.5 x 104.

3.3.2.3 Lexington Blue-Grass Army Depot (LBAD) Figures 53 through 55
contain the 'pictogram' representation of risk at LBAD. The 'pictogram'
for the unmitigated case (see Figure 53) indicates that the regional and
national alternatives (identical in terms of originating site activities
and risk at LBAD) pose the least risk to the population surrounding LBAD.
On the basis of expected fatalities, the risk due to the national/regional
alternatives is less than that due to on-site disposal by a factor of 3 or
4, while the risk due to the partial relocation (air mode) alternatives
dominate by one-to-two orders of magnitude.

The contributions to risk for each unmitgate disposal alternative
are summarized below:

For continued storage at LBAD, essentially all of the risk arises
from handling accidents associated with the maintenance of
projectiles. The highest risk accidents are due to the movement of
munitions for maintenance purposes.
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* The risk due to on-site disposal results primarily (61 percent)
from plant operations, with the remainder of the risk coming from
on-site transportation accidents. Among munition types, rockets
contribute 96 percent of the risk.

" For the regional/national alternatives, 100 percent of the risk
results from rockets. Among activity types, 93 percent of the risk
is due to on-site transportation, with handling contributing the
remainder.

* For the partial relocation -- air mode alternative, 99 percent of

the risk is due to off-site transportation-related accidents --
aircraft crashes on take-off. 90 percent to 95 percent of the
total risk results from the transport of rockets.

Mitigation, Revision I would significantly reduce risk for continued
storage and on-site disposal (see Figure 54). It would have no effect on
the other alternatives. The major contributors to risk reduction are
summarized below:

" For continued storage, mitigation would reduce the probability of
one or more fatalities and expected fatalities by roughly 98
percent. Since the consequences of the most severe accidents
(handling accidents involving fires or detonations) are not
mitigated, there is no reduction in the maximum number of
fatalities or person-years-at-risk. Essentially all of the risk
remains attributable to handling accidents -- about 70 percent of
them involving projectiles.

* For on-site disposal, mitigation would reduce the probability of
one or more fatalities by nearly 90 percent and expected fatalities
by approximately 60 percent. As with continued storage, since the
consequences of the most severe accidents (plant damage by
earthquakes and detonations during on-site transport) are not
mitigated, there is no reduction in the maximum number of
fatalities or the person-years-at-risk. With mitigation, over 90
percent of the resulting risk is due to accidents involving
detonation during on-site transportation. Rockets are responsible
for essentially all (-99 percent) of the risk.

The introduction of air-space restrictions would have no risk
reduction benefit for LBAD (see Figure 55), mainly because the LBAD
stockpile is stored in igloos.

3.3.2.4 Newport Army Ammunition Plant (NAAP). The risk at NAAP is
illustrated by the 'pictograms' in Figures 56 through 58. The comparison
of risk among the ui a alternatives (Figure 56) becomes very obvious
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for this site: Continued storage poses the highest risk of all measures.
Regional and national disposal represent the least (in fact, very low) risk
at NAAP, while the risk due to on-site disposal falls between these
extremes. At NAAP, the partial relocation disposal alternative is
identical to the on-site disposal alternative.

The major contributions to risk for each unmitigated alternative are
discussed below:

* The entire risk associated with continued storage at NAAP is due to
external events damaging the stored agent (all of which is agent VX
in ton containers in a warehouse.) In particular, the potential
accident posing the highest risk, by far, is an earthquake-induced
failure of the storage warehouse with a resulting fire. Handling
during storage poses only negligible risk.

" For on-site disposal, essentially the entire (all but a fraction of
a percent) risk is posed by plant operations, for which the major
contributing accident, as with continued storage, is an earthquake-
induced failure of the demilitarization building and a simultaneous
failure of the fire suppression system.

" The very small risk (expected fatalities less than 10-4 ) of
rezional and national disposal to the NAAP population is due
entirely to a handling accident leading to a short duration fire.

With the introduction of mJijgai_ (see Figure 57), substantial
reductions in risk would result for all alternatives. Since the risk for
the regional/national alternatives is small to begin with, these
alternatives show no substantial benefits of mitigation. The major
contributions to risk reduction with mitigation are summarized below:

* For continued storage, mitigation would lead to 98 percent
reductions in both probability of one or more fatalities and
expected fatalities. The reduction in expected fatalities is not
reflected in the 'pictogram' (Figure 57) because the value of
expected fatalities remains greater than the 10-2 lower boundary of
the highest risk category for that measure. Although the
probability of the most severe accident (an earthquake-caused fire)
is reduced, the accident is not eliminated. Therefore, there is no
reduction in the maximum number of fatalities or the person-years-
at-risk measures. The entire risk contribution remains due to
external events.

" For the on-site and partial relocation alternatives, mitigation
reduces the probability of one or more fatalities by nearly 90
percent. Since the consequences of the most severe accidents
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(those caused by aircraft crashes and earthquakes) are not
mitigated, there is no reduction in the maximum number of
fatalities or the person-years-at-risk measures. The major
contribution (-98 percent) to risk, with mitigation, remains the
earthquake which damages the plant, leading to a fire.

The introduction of air-space restrictions provides only minor benefit
(<2 percent risk reduction) to continued storage and none to the disposal
alternatives at NAAP (see Figure 58).

3.3.2.5 Pine Bluff Arsenal (PBA). The risk to the PBA population is
portrayed by the 'pictograms' in Figures 59 through 61. The 'pictogram'
for the unmitigated case (Figure 59) illustrates a more complex situation
than is portrayed for NAAP. On-site disposal appears to pose the highest
risk, both in terms of the number of risk measures which are in the higher
risk categories, and on the basis of expected fatalities. (As for all
sites but APG, LBAD, and TEAD, the programmatic partial relocation
alternative calls for on-site disposal at PBA). Continued storage poses
the least risk, with the regional/national transportation alternatives
responsible for an intermediate level of risk.

Contributions to risk for each unmitigated disposal alternative at PBA
are discussed briefly below:

* Over 90 percent of the continued storage risk at PBA results from
external events (aircraft crashes or meteorite strikes) causing
fire-borne release of mustard agent from the ton containers in open
storage. The remainder of the risk is due almost entirely to
handling accidents (the dropping of a pallet leading to detonation)
affecting stored rockets.

* For on-site disposal, nearly 95 percent of the risk results from
plant operations; the remainder is due to on-site transportation.
over 90 percent of the plant operations risk is caused by
inadvertent feed of rockets and mines to the dunnage incinerator.
Rockets and mines, together, are responsible for essentially all of
the risk at PBA; bulk containers contribute a negligible fraction
(well less than 1 percent).

" For the regional and national disposal alternatives, nearly 60
percent of the risk to the population near PBA results from on-site
transportation accidents involving rockets; the remainder of the
risk is roughly split between handling and short-term storage,
again involving rockets. In fact, all but 2 percent of the risk
for all activities is due to rockets. Accidents involving a
release of agent GB dominate the risk.
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With the introduction of mitization (revision 1), as shown in Figure
60, the risk of on-site disposal is significantly reduced; mitigation has
no effect on the other alternatives at PBA. For the on-site (and partial
relocation) alternatives, mitigation reduces the probability of one or more
fatalities by 98 percent and expected fatalities by over 90 percent. Since
the consequences of the most severe accidents (a detonation during on-site
transportation and earthquake damage to the MDB) are not mitigated, there
is no reduction in the maximum number of fatalities or person-years-at-
risk. With mitigation, the major contributor (-85 percent) to risk is the
accident resulting in a detonation during on-site transport. Over 95
percent of the risk is due to rockets.

If air-space restrictions (revision 2) were introduced (Figure 61),
some reduction in risk would result for continued storage and the
regional/national disposal alternatives. The risk reductions are
summarized below:

* For continued storage, the probability of one or more fatalities is
reduced by over 40 percent and expected fatalities by -80 percent.
Since the aircrash accidents are not mitigated sufficiently to
eliminate them from consideration, the maximum number of fatalities
and person-years-at-risk measures are not affected.

" For the regional/national disposal alternatives, there is no
significant reduction in the probability of one or more fatalities
and only a small (<20 percent) reduction in expected fatalities.
There is, however, a significant reduction in the maximum number of
fatalities -- from 40,000 for no air-space restriction to 900 with
the restriction. The reduction in person-years-at-risk is,
similarly, greater than one order of magnitude. This is because
the probability of an aircrash accident, which is the most severe
accident for these alternatives, has been reduced below 10-8 and,
thus, screened out of the data base.

3.3.2.6 Pueblo Depot Activity (PUDA). Figures 62 through 64
display, in 'pictogram' form, the comparative risk for the applicable
disposal alternatives at PUDA. For the umtge case (Figure 62), the
continued storage alternative appears to pose the highest risk, but only on
the basis of the probability of one or more fatalities, relative to the
regional and national disposal alternatives. On-site disposal results in
the least risk to the population near PUDA if all risk measures are
considered. On the basis of expected fatalities alone, all disposal
alternatives pose low risk (less than 10- 4 ) at PUDA with on-site disposal
posing the least.

The factors contributing to unmitigate risk (Figure 62) at PUDA are
summarized below:
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" The risk at PUDA during continued storage arises entirely from
potential aircraft crashes in to the storage facility, leading to
detonation and/or fire. Projectiles account for nearly 80 percent
of the risk. Although the risk, as measured by expected fatalities
is very low, that risk is made up of highly improbable but very
severe potential accidents for which the 'no-deaths' plume length,
worst-case weather, could exceed 50 km and lead to over 15,000
potential fatalities. The fact that probability of one or more
fatalities is relatively high is the result of a single highly
probable handling accident of negligible consequence.

" For on-site disposal, plant operations account for nearly 95
percent of the risk, with the major event being earthquake-
initiated fires in the munition demil building. The most severe
accident involves a 'no-deaths' plume length of approximately 1 km
(most-likely weather). The remainder of the risk is due to an on-
site vehicle accident leading to detonation and fire.

* The risk at PUDA due to regional and national disposal is entirely
the result of short-term storage associated with off-site rail
transportation. Most (90 percent) of the risk is due to
projectiles. The scenarios contributing the most to risk are those
involving aircraft crashes into the transportation containers in
the holding area. As with continued storage, the risk as measured
by expected fatalities is low but it is comprised of a few high-
consequence, low-probability events. The most severe accident
leads to a worst-case weather, 'no-deaths' plume length greater
than 50 km with the potential to cause over 15,000 fatalities.

Mitigation, with no air-space restriction (Figure 63), results in some
risk reduction for the on-site disposal alternative. None of the other
alternatives is affected by mitigation. For the on-site (and partial
relocation) alternatives, mitigation reduces the probability of one or more
fatalities by about 80 percent. Since the consequences of the most severe
accidents (externally-initiated plant operations accidents and on-site
transport accidents) are not mitigated, there is no reduction in the
maximum number of fatalities or person-years-at-risk measures. Most of the
risk is attributable to projectiles.

With air-soace restrictions (revision 2) (Figure 64), significant
reductions in the risk for continued storage and the regional/national
alternatives would result. Nevertheless, the factors-contributing most to
the added risk reduction are summarized below:

* For continued storage, the probability of one or more fatalities
would be reduced by over 90 percent and expected fatalities, which
are very low to start, would be reduced to well below 10-6. Since
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the possibility of the most severe (aircrash) accident is not
eliminated (probability reduced to below 10-8) by mitigation, its
consequences remain, and the related measures, maximum number of
fatalities and person-years-at-risk, are not affected.

0 For the regional/national disposal alternatives, the probability of
one or more fatalities is reduced by almost two orders of magnitude
while expected fatalities are reduced to below the 10-6 level. The
maximum number of fatalities is reduced from 16,000, for the case
of mitigation, revision 1, to 3 with air-space restriction.
Person-years-at-risk is similarly reduced by three orders of
magnitude (factor of 1000). The reason for the great reduction in
these latter two measures is the fact that the probauilities of the
most severe accidents (aircraft crashes into the holdi.6 areas)
have been reduced to below 10-8 and, thus, screened out of the
accident set defining the alternative. The reason the most severe
accidents are eliminated for these alternatives and not for the
continued storage alternative is related to difference in target
areas in the two cases.

3.3.2.7 Tooele Army Denot (TEAD). Figures 65 through 67 contain the
'pictogram' comparisons of risk measures for TEAD for the the unmitigated
case plus two levels of mitigation. For the unj t case (Figure 65),
continued storage is seen to be the most risky on the basis of all risk
measures. The lowest risk alternatives appear to be on-site and regional
disposal

The major contributions to risk for the unmitigated alternatives
(Figure 65) at TEAD are summarized for each disposal alternative below:

* Over 90 percent of the risk due to continued storage at TEAD is the
result of earthquake-initiated damage and/or fire affecting bulk
containers of agent VX in warehouse storage. Essentially all of
the remainder of the risk is due to handling accidents involving
burstered munitions. The events contributing the most to expected
fatalities are also those having the most severe consequences
(maximum number of fatalities) as well as a relatively high
probability of occurring during the CSDP (10-4 to 10-).

* The risk of on-site disposal at TEAD results from plant operations
(57 percent of expected fatalities) and handling (42 percent).
Nearly half of the risk involves releases from bulk containers or
while processing bulk containers, while mines contribute a third of
the risk and rockets approximately 10 percent. Over 60 percent of
the risk involves agent GB. The scenarios making the major
contributions to risk are handling accidents involving ton
containers of GB, inadvertent passing of rockets and mines into the
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dunnage incinerator, and earthquakes damaging or causing fire in
the demil building.

For regional disposal, 59 percent of the risk comes from plant
operations, 27 percent results from handling activities, and 14
percent is due to on-site transportation. Rockets, mines, and bulk
containers each contribute about 25 percent to the risk at TEAD.
As with on-site disposal, over 60 percent of the risk involves
agent GB. Over 40 percent of the regional disposal risk at TE ! is
due to inadvertent feeding of rockets and mines into the dunnage
incinerator.

For national disposal, where the entire U.S. stockpile is disposed
of at TEAD, the contribution to total risk due to plant operations
rises to 70 percent, with approximately 20 percent of the risk
resulting from handling activities and 10 percent caused by on-site
transport. Mines and rockets each contribute one-third to the
total risk with nearly 20 percent resulting from bulk agent
disposal. Slightly more than half of the risk arises from
potential accidents involving agent GB. The major scenarios
contributing to risk are essentially the same ones responsible for
risk for the regional disposal alternative at TEAD, although the
relative importance of some of the scenarios is slightly different
due to the different mix of munitions in the inventory to be
disposed. Nearly 60 percent of the total risk is due to
inadvertent feeding of rockets and mines to the dunnage
incinerator; handling of ton containers of GB are another major
risk contributor -- responsible for 10 - 15 percent of the total.
Vehicular accidents during On-site transportation of burstered
munitions is next in risk significance.

For the partial relocation disposal alternatives involving air
shipment into TEAD, the risk picture changes significantly. When
the C5 aircraft is used (alternative PRA), approximately 3/4 of the
risk is due to off-site transportation -- aircraft crashes during
landing; most of the remainder of the risk results from plant
operations. For the other air-mode alternatives, approximately 1/3
of the risk is due to off-site transportation -- aircraft crashes
during landing; most of the remainder of the risk results from
plant operations. Rockets are responsible for 50 percent to 75
percent of the total risk; accidents involving bulk containers are
next in importance to risk. Close to 80 percent of risk involves
agent GB. For the C5 aircraft mode, over 60 percent of the risk
results from aircraft crashes on landing while transporting
rockets. Aircraft crashes play a much reduced role in TEAD's risk
for the other partial relocation alternatives which use the C141
aircraft; for these alternatives, the highest risk event is a
handling accident involving ton containers of GB.
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Mitigation (revision 1), without air-space restriction (Figure 66),
would result in substantial risk reduction for continued storage and all

disposal alternatives except for partial relocation for which the risk
benefit is less. The major contributions to this risk reduction are
summarized below:

" For continued storage, mitigation would reduce the probability of

one or more fatalities and expected fatalities by approximately 98
percent. Since the consequences of the most severe accident (an
earthquake-caused storage fire) would not be mitigated, there is no

reduction in the maximum number of fatalities or person-years-at-
risk measures. Earthquake-initiated accidents remain the major
contributors to risk, accounting for about 90 percent of the total.

* For on-site disposal, mitigation reduces the probability of one or
more fatalities by about 98 percent. The maximum number of
fatalities and person-years-at-risk measures are not affected since
the consequences of the most severe accidents (earthquake-initiated
damage to the MDB and a detonation during on-site transport) are
not mitigated. Handling accidents account for nearly 75 percent of
total risk for this alternative. The remainder of the mitigated
risk is due to plant operations and on-site transportation.
Handling accidents involving GB are still major contributors to
risk -- accounting for nearly 60 percent of the total.

* For regional and national disposal alternatives, mitigation results
in a reduction in probability of one or more fatalities of 80
percent for regional and nearly 90 percent for national. The
reduction for regional disposal is not displayed on the 'pictogram'
because both values, unmitigated and mitigated, fall within the
risk category range: 10-4 to 10- 3 . As with many other sites and
alternatives, the person-years-at-risk and maximum number of
fatalities are not affected by mitigation because the consequences
for the most severe accidents (in this case, those involving a

detonation during on-site transport) are not mitigated. The
accident involving a detonation during on-site transport
contributes 45 percent to the overall mitigated risk. The
remainder of the tisk is due to handling (43 percent) and plant
operations (12 percent). Projectiles account for about 50 percent
of the risk.

" For the vartial relocation disposal alternative, both probability
of one or more fatalities and expected fatalities are reduced by
over 50 percent. Although this is a small change, well under an
order of magnitude, it is reflected in the 'pictogram' because both
values happen to cross over the boundaries defining their shading
(risk measure) categories. The consequences of the most severe
accident (crash of an aircraft carrying burstered munitions or a
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detonation during on-site transport) are not mitigated, so there is
no reduction in maximum number of fatalities or person-years-at-
risk for this alternative. Mitigation has the effect of increasing
the relative contribution of the aircraft crashes to risk -- to
over 80 percent of the total. Rockets account for 80 percent of
the mitigated risk.

The introduction of air-sDace restrictions (Figure 68) will have no
significant impact on risk at TEAD for any alternative because of the
relatively low aircraft traffic density over TEAD.

3.3.2.8 Umatilla DeRot Activity (UMDA). The 'pictograms' comparing
risk measures among the applicable disposal alternatives at UMDA for the
unmitigated case plus two mitigation levels are presented in Figures 68
through 70. The only obvious conclusion to be drawn from Figure 68, for
the unmitigated alternatives, is that the risk due to continued storage
exceeds that of any of the disposal alternatives, both in terms of the
number of risk measures (all) for which risk is in the maximum category and
in terms of expected fatalities. In fact, the risk of continued storage
for 25 years, as measured by expected fatalities, dominates disposal risk
by several orders of magnitude.

The major contributions to M risk (Figure 68) for each
disposal alternative are summarized below:

* The risk associated with continued storage is due almost entirely
(>99 percent) to earthquake-induced damage with fire in warehouses
storing mustard ton containers. This scenario represents a set of
potential accidents with probabilities in the range of 10-6 to 10-4

per year and 'no-deaths' plume lengths of 20 - 30 km, for most-
likely weather, and 200 - 300 km, for worst-case weather; potential
fatalities exceed 400 for average conditions and approach 50,000
for extreme conditions (worst-case weather and wind direction over
peak population density).

" For on-site disposal, plant operations accidents contribute over 90
percent of the total risk; on-site transportation accidents are
responsible for most of the remainder. Two-thirds of all risk is
due to rockets, with the remainder resulting from the disposal of
mines. The inadvertent feeding of rockets and mines to the dunnage
incinerator accounts for over 80 percent of the total risk for this
alternative; on-site vehicle accidents and earthquake-initiated
fire in the demil building during the processing of rockets and
mines account for nearly all the remainder of the identified risk.
Agent GB is involved in most of the risk; mustard-related accidents
are negligible for plant operations (whereas mustard dominates for
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storage-related accidents because a much larger source of agent is
available for release).

0 The risk due to national and regional disposal, as measured by
expected fatalities, is quite low (less than 10-4) and arises
mostly from on-site transportation accidents; short-term storage
and handling accidents also make a significant and equivalent
contribution to risk. Again, approximately 90 percent of the risk
is GB-related, with rockets making the dominant contribution; bombs
are responsible for most of the remainder of the identified risk.
The scenarios contributing most to risk are a severe on-site
vehicle transporter accident, an aircraft crash into the holding
area during short-term storage, and a handling accident leading the
drop and detonation of a palletized rocket.

When mitigation (revision 1) is introduced (Figure 69), the risk of
continued storage and on-site disposal are significantly reduced. The
regional and national alternatives are not significantly affected. The
details of the risk reductions are summarized below:

* For continued storage, both the probability of one or more
fatalities and the expected fatalities measures are reduced by
about 98 percent. The reduction in expected fatalities is not
reflected in the 'pictogram' (Figure 69) because even the mitigated
value for expected fatalities remains above the break point --
10-2. Again, the consequences of the most severe accidents
(earthquake-induced warehouse fires and an aircraft crash into a
warehouse) are not involved in the mitigation process, and the
result is no change in the maximum number of fatalities and person-
years-at-risk measures. With mitigation, the risk remains almost
entirely due to earthquake-induced warehouse fires.

* For the on-sit and Dartial relocation alternatives, mitigation
leads to a factor of 10 reduction in probability of one or more
fatalities and expected fatalities. The most severe accident (a
large aircraft crash onto the MDB) has not been mitigated, leading
to no reduction in maximum number of fatalities and person-years-
at-risk. Approximately 70 percent of the mitigated risk results
from an accident involving a detonation during on-site transport;
the remainder is due to plant operations (17 percent) and handling
(12 percent). Agent GB is involved in accidents accounting for 80
percent of the mitigated risk.

If air-soace restrictions were to be introduced (Figure 70), there
would be a slight benefit to the rail-mode colocation alternatives. No
significant benefit would accrue to the other alternatives. The rail-mode
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risk benefits consist of a reduction in expected fatalities by 28 percent
and a 10-fold reduction in maximum number of fatalities, from 24,000, for
no air-space restriction, to 2500 with the restriction; person-years-at-
risk would be reduced by nearly 56 percent. These reductions flow from the
fact that the probability of the most severe accident (a large aircraft
crashing into the holding area) is reduced to below 10-8 and is thereby
screened out of the active data base for this alternative.

3.3.2.9 Transportation Corridors - Regional (Rail) Alternative.
Figure 44 summarizes, in 'pictogram' form the risk measures along the
regional (rail) transportation corridors. The rail corridors from LBAD,
PBA, and UMDA pose the highest risk in terms of expected fatalities. For
these three corridors, rockets are responsible for well over half of the
risk. For the other corridors (originating from APG, NAAP, and PUDA), the
risk is lower primarily because rockets are not a part of the transported
stockpile. The risk-dominating accident scenarios are severe train
accidents with fire of long enough duration to cause failure of the
overpack and the munitions (either by burster detonation or by thermal
rupture of bulk containers). The applicable scenario (depends on whether
the transported inventory is burstered or not) accounts for at least 95
percent of the risk (>99 percent for three sites) in all corridors.

The most severe potential accidents are those in the LBAD, PBA, and
UMDA corridors. They yield worst-case 'no-deaths' plume lengths in the
range of 15 to 20 km and could cause, under extreme conditions, 1000 to
2000 potential fatalities.

3.3.2.10 Transportation Corridors - National (Rail) Alternative. The
risk picture is much the same for national disposal as it is for regional,
as seen in Figure 45. The major difference is due to the fact that the
ANAD stockpile is now transported to TEAD and, because of the size and
composition of the ANAD stockpile, the risk in the ANAD - TEAD corridor
dominates. In addition, selected risk parameters for APG, LBAD, and PBA
are higher for national than for regional, primarily because of the greater
travel distance for these stockpiles. For the ANAD - TEAD corridor,
virtually all of the risk is associated with the movement of energetic
munitions; the largest contribution to risk results from the transporting
of projectiles, with the risk due to rockets not far behind.

The scenarios contributing the most to risk are .the same severe rail
accidents, with long-duration fires, that control risk for the regional
corridors. The highest-consequence accident for the ANAD - TEAD corridor
is expected to cause a worst-case 'no-deaths' plume length of 19 km with
the potential for over 6000 fatalities.
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3.3.2.11 Transportation Corridors - Partial Relocation Alternative.
The risk along the transportation corridors that might be employed during
the partial relocation disposal alternative is depicted in Figure 38 and,
for the additional air- and water-mode alternatives, in Figure 24b. The
route emanating from LBAD represents significantly higher risk than those
originating from APG. The water mode from APG to JI (Johnston Island)
appears to pose very low risk to the public. However, it should be noted
that the transportation corridor accidents for this mode do not include the
accident scenarios which have been identified for the barge (or 'lighter')
portion of the trip (from a dock at APG to the moored LASH vessel in the
bay) nor do they include those events that could happen while the LASH is
still at anchor. Lastly, between the two aircraft options (C5 vs C141),
the C141 contributes the lesser risk to the public.

The major contributors to risk along the two corridors are discussed
briefly below:

" For the LBAD - TEAD Corridor, via air mode, the risk (when
measured, as before, by expected fatalities) associated with the
use of the C5 aircraft is nearly a factor of 10 greater than for
the C141 aircraft. For both aircraft options, 90 percent of the
risk results from the transport of rockets; the rest is due to
projectiles. Accidents involving GB constitute over 80 percent of
the total corridor risk in both cases. Better than 75 percent of
the risk results from a severe potential crash on an aircraft
carrying GB-filled rockets; the accident would be sufficient
severity as to rupture both the shipping containers and the
munitions, with a possible fire. These high risk accident
scenarios also represent the most severe consequence as well:
worst-case 'no-deaths' plume lengths of 64 and 31 km for the C5 and
C141 options, respectively, with maximum potential fatalities of
73,000 and 23,000, also respectively.

" The risk along the APG - TEAD Corridor, via air mode, is also
nearly a factor of 10 higher for the C5 aircraft option. The three
scenarios contributing to risk in this corridor all involve severe
aircrashes with breach of the shipping container and the agent
containers. Worst-case plume lengths are considerable smaller than
for the LBAD stockpile -- 5.2 and 2.3 km for the C5 and C141,
respectively; maximum potential fatalities for these worst cases
are 7500 and 3500, respectively.

* Along the APG - JI Corridor, via water mode, all identified
accidents have both low probabilities and moderately low
consequences. Probabilities are all in the range of 10- 7 to 10"5 ,

and worst case plume lengths are less than 7.5 km -- too small to
reach major population groups according to the fatality-estimating
data tables in Appendix C (see Volume 2 of this report).
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For all the transportation corridors, the effects of the mitigation
measures are negligible -- certainly not enough to alter the 'pictogram'
portrayal, a fact noted on Figures 36 through 38. Mitigation. revision 1
(no air-space restriction) yields, at best, a small reduction (less than 20
percent) in both expected fatalities and probability of one or more
fatalities for the APG - TEAD air corridor. Air-space restrictions, as
expected, would offer no additional benefit to any of the transportation
corridors.

3.4 Individual Risk

Three of the risk measures identified in section 2.3 are indicative of
individual risk: maximum individual risk; maximum lethal distance; and,
time-at-risk. The data for determining the first two measures are obtained
directly from the computation of curves showing individual risk as a
function of the individual's distance from a potential accident site.
Because presentation of the actual data is both site- and disposal
alternative-specific, the presentation of the individual risk curves could
reveal sensitive information regarding the stockpile inventory at each
site. The individual risk curves are presented in volume 3 (classified) of
this report. Although it is a measure of individual risk, time-at-risk is
discussed separately in section 3.5.1 under the category of time-related
risk measures,

A typical individual risk curve is shown in Figure 71. An individual
living near a particular site can interpret his individual risk from such a
curve in the following way. The vertical scale of the figure displays the
probability of that individual's death during the course of the CSDP
activities at the site (3 to 5 years for the disposal alternatives; 25
years for the continued storage option). The curves show that the
individual's risk decreases steadily as his distance from the site (as read
on the horizontal scale of the graph) increases. The minimum distance
shown is 0.5 km, which, by assumption imposed on the analysis, is the
minimum distance from chemical operations to the site boundary for any of
the disposal/storage sites. Thus, the risk given by the figure is the
maximum off-site (public) risk only. (Risk to on-post personnel is not
within the scope of this analysis.)

Interpretation of the individual risk curve will proceed as follows.
Consider first an individual who spent the entire duration of the CSDP
located at the boundary of the site (at 0.5 km). For the applicable
disposal alternatives, that individual would experience a chance of death
during the CSDP of the value given by the vertical scale of the figure. If
the individual lives farther away from the site center, his risk becomes
progressively lower until finally the individual is beyond the point where
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the most severe accident is expected to cause any lethal impact and his
risk of death becomes zero. The individual risk value at 0.5 km is the
principal risk measure: maximum individual risk. The distance beyond
which no lethal effects are expected for any applicable accident is the

maximum lethal distance under most-likely meteorological conditions; not
shown is the other major risk measure for individual risk -- the maximum

lethal distance which, as noted earlier, is based on the assumption of
extreme conditions (meteorology, wind direction, and population density).

Individual risk varies widely from site to site and among the disposal
alternatives. The regional and national disposal sites, TEAD and ANAD,
pose highest risk to an individual on the basis of maximum individual risk
(probability of an individual's death during the CSDP when at the assumed
0.5 km site boundary -- see section 4.2.2 for a discussion of the effects
of sire boundary assumptions). On the basis of maximum lethal distance
(the tarthest plume reach of any identified accident under the worst-case
meteorology), individual risk is highest at PBA, PUDA, and UMDA for the
national and regional alternatives. For these three sites, the worst case
hazard distance is the result of an aircraft crash into the short-term
storage (holding) area while awaiting rail shipment. The fact that these
scenarios do not pertain to other sites is due to the elimination of all

accident scenarios for which the probability of occurrence during the CSDP
is less than 10-8. Since maximum individual risk incorporates probability
data in its determination, it may be the preferred measure for individual
risk, if only one measure were to be used.

In contrast to the individual risk data for a fixed site, risk to an

individual along transportation corridors is calculated to within 0.1 km of
the corridor centerline; the individual risk at this minimum distance is
the value used in determining maximum individual risk for alternatives
including off-site transportation. Maximum individual risk is negligible
(less than 10-8) along all the transportation corridors -- a conclusion
consistent with the relatively low individual time-at-risk values discussed
in section 3.5.1 below. However, maximum lethal distance values are not
negligible for the transportation corridors and, in fact, for the LBAD -
TEAD corridor (C5 aircraft), can exceed 50 km.

3.5 Time and Person-Years at Risk

The individual risk data discussed in section 3.4 accounts for the

time during which an individual is exposed to risk from accidental chemical
agent release. As described in Appendix A, individual risk considerations
also account for the probability of individual accident scenarios occurring
as well as the severity of the release (i.e., the position of the

individual within the plume) and the likelihood that meteorological
conditions (i.e., wind direction) will cause the plume to move over the
individual.
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However, for many individuals, the concept of individual risk may be
more easily understood in terms of the individual's total time of exposure
to risk, regardless of whether his/her actual risk varies during that
period or is comparable to the actual risk borne by others. Accordingly,
two time-related risk measures are addressed in this section:

* The total time-at-risk during the CSDP when an individual could be
exposed if an accident were to occur;

" The total person-years-at-risk during the CSDP -- a measure equal
to the time-at-risk times the number of people experiencing any
risk (i.e., being within a zone that could encompass potentially
lethal exposures, as defined by the 'no-deaths' plume length under
worst-case meteorological conditions).

3.5.1 Time-at-Risk

Time-at-risk is readily addressed at the storage/disposal sites since
the appropriate time measure is simply the duration of disposal activities
at a given site. These times vary from less than 1 year to over 4 years,
depending on the site. The actual disposal duration time at a given site
cannot be stated because of the possibility of revealing classified data
regarding stockpile size. By this measure, all individuals within a
distance equal to the maximum possible (worst-case weather) 'no-deaths'
plume length from a specific site should be considered 'at risk' for the
same duration of time; outside this site-specific maximum distance, time-
at-risk would be zero. Table 2 lists these maximum (worst-case) distances
for each site and each applicable disposal alternative, in the unmitigated
case. An individual located within the stated distance of a given site
could assume his/her time-at-risk to be the duration of disposal activity
for a given disposal alternative. Table 3 displays the same information
for the case of accident mitigation, including airspace restrictions
(mitigation of accidents other than airspace restriction did not
significantly affect maximum consequences, of the accidents treated).

Along transportation corridors, time-at-risk for an individual is
dependent on the individual's location -- his/her distance from the
transportation corridor. Table 4 (data same for unmitigated and mitigated
with airspace restriction) lists the maximum worst-case plume lengths for
the transportation corridors.

Figures 72 and 73 show time-at-risk along rail and air transportation
corridors, respectively, in terms of hours of exposure per vehicle trip as
a function of an individual's distance from the centerline of the corridor
and the severity (worst-case 'no-deaths' plume length) of the worst
identified potential accident for a given corridor (as determined from
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TABLE 2

MAXIMUM (WORST-CASE) HAZARD DISTANCES -- STORAGE/DISPOSAL SITES

- UNMITIGATED -

MAXIMUM (WORST-CASE) HAZARD DISTANCE (km)

-- for a given Disposal Alternative --

STR ONS REG NAT fu BI

ANAD 150.4 32.9 28.2 27.9 32.9 32.9 32.9 32.9

APG 17.4 4.4 44.6 44.6 11.5 11.5 76.7 76.7

LAD 4.6 17.5 14.9 14.9 64.0 30.8 30.8 17.5

NAAP 304.2 15.5 6.1 6.1 15.5 15.5 15.5 15.5

PBA 85.2 32.9 183.8 183.8 32.9 32.9 32.9 32.9

PUDA 56.2 4.3 75.9 75.9 4.3 4.3 4.3 4.3

TEAD 108.0 32.9 27.9 27.9 64.0 32.9 32.9 32.9

UMDA 314.0 28.2 150.8 150.8 28.2 28.2 28.2 28.2
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TABLE 3
MAXIMUM (WORST-CASE) HAZARD DISTANCES -- STORAGE/DISPOSAL SITES

- MITIGATED WITH AIRSPACE RESTRICTION -

MAXIMUM (WORST-CASE) HAZARD DISTANCE (kmn)
-- for a given Disposal Alternative --

SITE STR ONAS IE aT

ANAD 5.4 32.9 28.2 27.9 32.9

APG 17.4 4.4 2.1 2.1 2.3

LBAD 4.6 17.5 14.1 14.1 30.8

NAAP 304.2 12.9 6.1 6.1 12.9

PBA 85.2 32.9 14.1 14.1 32.9

PUDA 56.2 4.3 7.3 7.3 4.3

TEAD 108.0 32.9 27.9 27.9 32.9

UMDA 314.0 27.9 19.1 19.1 27.9
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TABLE 4
MAXIMUM (WORST-CASE) HAZARD DISTANCE -- TRANSPORTATION CORRIDORS

- MITIGATED AND UNMITIGATED CASES -

MAXIMUM (WORST-CASE) HAZARD DISTANCE (kin)

ORIGINATING -- for a given Disposal Alternative -

SITE REG VAT

ANAD 19.1

APG 2.3 2.3 2.3

LBAD 16.5 16.5 30.8

NAAP 8.6 8.6

PBA 19.1 19.1

PUDA 3.8 3.8

UMDA 19.1 19.1
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Table 4, unmitigated and mitigated cases). To determine his/her time-at-
risk for a given disposal alternative, an individual would need to do the
following:

" identify which site stockpiles are to be transported along his/her
portion of the corridor;

" determine the number of transporter trips (number of train-trips or
aircraft-trips) required to move the stockpile for each site;

" estimate, with the aid of Table 4 and Figures 72 and 73, the time-
at-risk per trip from each site;

" calculate the sum of total time-at-risk by the relation:

TOTAL TIME-AT-RISK, T - Z (time/trip)site j * (trips/stockpile)site j
all sites

An approximate uRper limit can be set on time-at-risk for both fixed
site and transportation corridors:

* For fixed sites, the maximum time-at-risk is in the range of 4
years (35,000 hrs);

* For the regional (rail) corridors, the maximum number of trains is
approximately 50, and the maximum hazard distance is in the 20 km
range; an individual living within 10 km of the track carrying all
50 (or so) trains would experience a total time-at-risk of:

MAX. TIME-AT-RISK (REG) - (0.7 hr/train) * (50 trains)
- 35 hr

* For the national (rail) corridors, the maximum hazard distance is
also approximately 20 km. The maximum number of trains for this
alternative is approximately 75, leading to:

MAX. TIME-AT-RISK (NAT) - 53 hr

* For the Dartial relocation (air-mode) corridor, the maximum hazard
distance is approximately 31 km, leading to a time-at-risk of
approximately 0.07 hr/aircraft flight. The actual number of
flights required to move the APG and LBAD stockpiles is classified;
but, it can be said to be in the range of 900 - 1200 air-lifts for
the APG stockpile and in the range of 1200 - 1500 air-lifts for the
LBAD stockpile, yielding a total number of airlifts in the range
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of 2100 - 2700 for the combined air-lifted stockpile. Using 2500
air-lifts (which could consist of several flights each, but would
not thereby add to an individual's time-at-risk) as as a rough
indicator of air traffic intensity, we find that:

MAX. TIME-AT-RISK (AIR MODE) -
(0.07 hr/flight) * (2500 flights) - 175 hr

Thus, the time-at-risk for individuals along the transportation
corridors is in the range of 100 hr. For individuals around a disposal
site, time-at-risk is measured in the tens-of-thousands of hours -- a
hundred-fold greater time than for those along the corridors.

3.5.2 Person-Years-at-Risk

The societal counterpart to the individual's time-at-risk measure
discussed above is the number of person-years-at-risk. Although the time-
at-risk for an individual along a transportation corridor is low (by a
factor of 100 to 1000) compared to that for individuals about
storage/disposal sites, the number of individuals experiencing that time-
at-risk is greater (by a factor of roughly 10) along the corridors. Hence,
risk, as measured by person-years-at-risk tends to be more evenly shared
between fixed site and corridor population groups, although the former
group's share is still the greater, by far.

The population data used to estimate potential fatalities among all
population groups potentially affected by the CSDP can also be used to
estimate person-years-at-risk for each exposed population group and for
each disposal alternative. The results of that analysis are displayed in
Tables 5 and 6.

With the aid of Tables 5 (for the cases of no mitigation or mitigation
without air-space restrictions) and 6 (mitigation with air-space
restrictions), one can compare the person-years-at-risk for all locations
(fixed sites as well as transportation corridors) for all the CSDP alter-
natives, including 25 years of continued storage; the dominance of risk
posed by continued storage is clear. Among the disposal alternatives, on-
site disposal poses the least risk while national disposal represents the
highest value for person-years-at-risk. Examining person-years-at-risk
along the transportation cofridors for the various transportation alterna-
tives, one can see that the rail mode alternatives are significantly less
risky than the air modes, according to this measure, with regional (rail)
responsible for the least person-years-at-rLsk. The principal reason for
the four-fold difference between regional and national is the transporta-
tion of the Anniston stockpile for the national alternative.

137



TABLE 5

PERSON-YEARS-AT-RISK -- NO AIR-SPACE RESTRICTION

- Fixed Sites -
SITE\ALT: STR ONS REG RAT PRB

ANAD 37759175 650156 1147150 1094013 650156

APG 4975700 22910 975776 975776 398056

LBAD 59525 50579 62466 82466 409223

NAAP 28331075 38242 4509 4509 38242

PBA 20216050 1049458 1617284 1617284 1049458

PUDA 12486100 97 749166 749166 97

TEAD 24203400 113982 13Z.:79 132979 132979

UMDA 7794550 340930 779455 779455 340930

TOTAL 135825575 2266353 5488785 5435647 3019140

- Transportation Corridors -
(Originating at Specified Sites)

SITE\ALT: REG NAT PRB

ANAD 0 6642 0

APG 263 307 504

LBAD 1884 2923 61522

NAAP 180 282 0

PEA 1277 1277 0

PUDA 65 65 0

U DA 279 279 0

TOTAL 3849 13777 62026

- All Locations Combined -

SITE\ALT: STR OHS REG NAT RB

ANAD 37759175 650156 1147150 1102654 850156

AN 4975700 22910 976039 976083 398560

LBAD 59525 50579 84350 65389 470745

NA.P 28331075 38242 4689 4791 38242

PRA 20216050 1049458 1618461 1618561 1049458

PUDA 12486100 97 749231 749231 97

TEAD 24203400 113982 132979 132979 132979

UIMA 7794550 340930 779455 779455 340930

TOTAL 135825575 2266353 5492354 5449144 3081166
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TABLE 6

PERSON-YEARS-AT-RISK -- WITH AIR-SPACE RESTRICTION

- Fixed Sites -

SITE\ALT: STR OHS REG RAT PRB

ANAD 462525 650156 1147150 1094013 650156

AIG 4975700 22910 6260 6260 25038

LAD 59525 50579 62466 62466 409223

NAAP 28331075 38242 4509 4509 36242

PBA 20216050 1049458 150488 150486 1049458

PUDA 12486100 97 626 626 97

TEAD 24203400 113982 132979 132979 132979

ULDA 7794550 340930 340930 340930 340930

TOTAL 98528925 2266353 1865407 1612269 2646122

- Transportation Corridors -

(Originating at Specified Sites)

SITE\ALT: REG RAT PRB

ANAD 0 8642 0

APG 263 307 504

LBAD 1884 2923 61522

NAAP 180 282 0

PBA 1177 1277 0

PUDA 65 65 0

UW6A 279 279 0

TOTAL 3849 13777 62026

- All Locations Combined -

SITE\ALT: STR OHS REG AT PRB

ANAD 462525 650156 1147150 1102654 650156

AIG 4975700 22910 6523 6567 25542

LBAD 59525 50579 64350 85389 470745

NAAP 28331075 38242 4689 4791 36242

PEA 20216050 1049458 151665 151765 1049458

PUDA 12486100 07 690 690 07

TEAD 24203400 113982 132970 132979 132979

UlAA 7794550 340930 340930 340930 340930

TOTAL 98528925 2266353 1868976 1825766 2708148
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The distribution of person-years-at-risk among the eight storage/
disposal sites can be compared for the various CSDP alternatives. For
continued storage, ANAD displays the highest value of person-years-at-risk,
with APG and LBAD having the least risk by this measure. Person-years-at-
risk resulting from on-site disposal are greatest at PBA, ANAD, and UMDA,
in decreasing order, and least at PUDA, APG, NAAP, and LBAD, in increasing
order. The distribution of person-years-at-risk about the fixed sites is,
as expected, identical for the regional and national alternatives -- the
only exception being ANAD for which the difference between alternatives is
approximately 5 percent. The partial relocation alternative (air mode)
affects only three sites, but the major impact is felt only at APG and
LBAD.

Looking at th transportation corridors for the rail- and air-mode
alternatives, one can readily see the relatively high risk, as measured by
person-years-at-risk, of moving the ANAD stockpile; the next risky
stockpile move is that of the LBAD stockpile. However, the highest number
of person-years-at-risk along any corridor results from the air movement of
the LBAD stockpile -- the reason being the composition of the LBAD
stockpile and the the fact that it, unlike the APG stockpile for which air-
mode corridor risk is negligible, is comprised of energetic munitions.
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4.0 DISCUSSION OF RESULTS

4.1 Statistical Significance of Differences in Risk

The probability that the risk (in terms of expected fatalities) of any
programmatic alternative exceeds the risk of any other alternative is shown
in Table 7. It should be noted, however, that a number of uncertainties
(some of which are discussed above, in section 3.2.2, and below, in section
4.2) were not explicitly considered in the development of the accident
scenario data base used to compute these results. Therefore, it should be
understood that the probabilities shown in Table 7 overstate the certainty
of risk differences; that is, all of the probabilities should be somewhat
closer to 50 percent. More specifically, probabilities in the range of
roughly 30 percent to 70 percent do not substantiate true differences in
risk, while probabilities below 30 percent or above 70 percent do indicate
the likelihood of actual differences in risk.

The main conclusions that may be drawn from Table 7, for the case of

unmitigated risk, are the following:

* Storage for 25 years (STR) is the riskiest alternative;

" Partial relocation alternatives involving air transport (PRA, PRB,
ard PRC) are next riskiest. Of these, PEA (based on use of the C5
aircraft) is the riskiest. On the other hand, the risks of PRB and
PRC are indistinguishable from the risk of national (NAT) and
regional (REG) relocation by rail.

* National (NAT) and regional (REG) relocation by rail, partial
relocation by water (PRW), and on-site disposal (ONS) are the least
risky alternatives. Within this group, overall risks are
indistinguishable.

4.2 Caveats and Limitations

4.2.1 Freauency and Conseauence Screening

The accident scenario data base for this risk analysis was screened so
that only those accidents with a potential (under worst-case meteorology)
for causing fatalities beyond the installation boundaries (assumed to be
0.5 km for #Uj sites) and having a probability of occurring during the
course of the CSDP (or during a one-year period, in the case of continued
storage activities) of at least 10-8 are included.
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TABLE 7

PROBABILITY OF RISK DIFFERENCES BETWEEN ALTERNATIVES [percent]*
- Unmitigated Risk -

[Risk measured by Expected Fatalities]

STR ONS REG NAT PRA M E 

STR -- 99 99 99 99 99 99 99

ONS 1 -- 48 37 1 6 6 49

REG 1 52 -- 37 15 35 35 52

NAT 1 63 63 -- 26 49 49 63

PRA 1 99 85 74 -- 81 81 99

PRB 1 94 65 51 19 -- 69 94

PRC 1 94 65 51 19 31 -- 95

PRW 1 51 48 37 1 6 5 --

* E The probability that PRA (in row 5) is riskier than NAT (in

column 4) is 74 percent (value in row 5, column 4).
Conversely, the probability that NAT (in row 4) is riskier
than PRA (in column 5) is 26 percent. Note that the two
results, 74 percent and 26 percent, are complementary and
total 100 percent. Thus, the "odds" that PRA is riskier than
NAT are 74:26, or about 3:1. These results are based on
comparisons of the means and ranges of computed "expected
fatalities," after eliminating accident scenario contributions
common to the two alternatives being compared (in order to
obtain independently distributed data). Note that, since some
types of uncertainty have not been considered explicitly, mid-
range probabilities (e.g., those between 30 percent and 70
percent) are not believed to substantiate conclusions that
risks are different.
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4.2.2 Potential Fatality Estimates and Site Boundaries

The fatality estimates used in the risk analysis were computed by Oak
Ridge National Laboratories (ORNL) using population data from census
tracts. It is not possible from such data to determine the precise
location of populations. Since the risk analysis is concerned with the
potential health effects to the general population located outside the
military reservations, personnel within the boundaries of the reservations
should not be considered. In an effort to exclude these personnel from
consideration, ORNL set all fatality rates to zero for distances of up to
0.5 km from the disposal or storage site where accidents may occur. Thus,
no fatalities are computed for low-consequence accidents for which the
zero-fatalities distance does not exceed 0.5 km, if the accidents occur
within a military reservation.

Using 0.5 km as a cut-off distance for fatality computations is a
conservative approach; i.e., the number of fatalities may be overstated.
This is because the actual distances from disposal and storage sites to
military reservation boundaries range from 0.9 to 3.5 km. Thus, if the
actual boundaries had been used to compute the number of fatalities, the
value of "expected fatalities" would have been substantially lower in a
number of cases. The most significant reduction (about an order of
magnitude) in "expected fatalities would be for the on-site disposal
alternative at Anniston, Aberdeen, Pine Bluff, Tooele, and Umatilla. The
total of expected fatalities at all sites for the on-site alternative would
be approximately 75 percent lower.

4.2.3 ImDacts of Mitization

The impacts of the mitigation effort on comparative risk are
substantial. The introduction of these mitigation measures is predicted by
the risk analysis to lead to substantial reductions in the risk associated
with the on-site alternative -- so much so that, on the basis of an

assessment of statistical significance of risk differences, it appears that
on-site risk will be less risky than that due to any of the relocation
alternatives, including the rail modes. However, the dunnage furnace
accident is, for some sites, still a dominant contributor to risk (expected
fatalities); the reason for the continuing dominance is the fact that the
other high risk accidents were mitigated at the same time, so the dunnage
furnace accidents, now in the probability range of 10- 5 to 10-6, still play
a significant role relative to a much smaller base.
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APPENDIX A: GENERAL APPROACH TO THE RISK ANALYSIS

A.l Introduction

The purpose of this section is to provide an overview of how the risk
analysis was conducted, to describe the flow and management of data, and to
introduce the basic elements of the risk analysis methodology. The details
of how critical portions of the methodology were developed and applied to
the accident scenario data base, such as the estimation of consequences
(plume lengths and potential fatalities) and the treatment of uncertainty,
are explained in Appendix B. We begin this appendix with a description of
the concepts involved in the computation of risk; we follow this with a
brief description of the accident scenario data base; we then describe the
process of integrating the accident scenario data with population data and
the Army's proposed Chemical Stockpile Disposal Program description to
produce an integrated assessment of the risk associated with the several
CSDP disposal alternatives.

A.2 Aplication of Risk Concepts to the CSDP

A.2.1 Computation of Individual Risk (General Case)

As described earlier, the risk to an individual is calculated by
multiplying together the probabilities of each of the circumstances
necessary to produce a fatality. This combined probability of occurrence
is multiplied times the consequence to determine risk; in the individual
case, consequence is always equal to I (the death of the individual), and
so does not affect the risk value we calculate. Figure 3 (in the main body
of the report) illustrates the major factors affecting the risk to an
individual posed by the CSDP. First of all, there is the probability that
an accidental release occur; we will represent this value by the symbol,
PA. If the accident involves a transportation accident (a train is shown
for illustration), then we must include the probability that the transport
vehicle will be close enough to harm the individual when the accident
occurs; call this probability, PT. For the sake of this illustration, we
will assume it has a value of 1. (Risk along a transportation route will
be discussed in more detail below.) Now, given that there is a
probability, PA x PT, of accidental agent release in the vicinity of the
individual, the next factor affecting the individual's risk is whether he
is downwind of the accident. Assuming for the moment that the wind has
equal probability of blowing from any of the 16 compass point directions
(N, NNE, NE, ENE, etc.), then the Drobability of being downwind of the
release can be represented by PV, which has a value of 1 in 16, or
approximately 0.06. The width of the potentially lethal portion of the
atmospheric plume is approximately one-third of a compass sector.
Therefore, if the individual is "downwind" of the accident, the p.ojjijt
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of being within the plume width, Pp, is about 1 in 3, or 0.3. Finally, the
individual must be close enough to the accident site so that potentially
lethal dosages could reach him. "Close enough" in this case is determined
by the atmospheric plume dispersion analysis. It is defined as the
downwind distance to the "no-deaths" dosage for whatever chemical agent is
involved. Since dosage increases as the individual is closer to the
accident site and closer to the centerline of the agent plume, the
vrobability of a fatality for an individual within the plume, PL, which
ranges from a value of 0 to 1 within the plume boundary, has an average
value of, typically, I in 5, or 0.2. That is, of all the individuals
within the plume, only about 20 percent would be fatalities, assuming the
population were evenly distributed.

Putting all this together, we can calculate the probability of an
individual's fatality, PI, as follows:

PI - PA x PT x PW x Pp x PL

- PA x 1.0 x 0.06 x 0.3 x 0.2

- PA x 0.004

- PA/250

This says that even if an accidental release does occur close enough
to potentially harm an individual, the probability of the individual's
death is about 1/250th of the probability (A) that the accident will occur
there in the first place, which is itself an extremely small number. This,
then, is the general method by which risk to the individual has been
calculated. These factors are accounted for in the estimation of
individual risk as reported in this analysis.

A.2.2 Computation of Individual Risk Along a Transoortation Route

Figure A-1 introduces the additional considerations required when
dealing with risk to an individual along a rail route or other transporta-
tion corridor. The factors affecting individual risk are the same as those
discussed in conjunction with Figure 3, but a slightly more complicated
calculation is required to estimate the probability of the accident
occurring in a region that could affect the individual (i.e., the proba-
bility factors, PA and PT discussed above). As shown in Figure A-l, if an
individual is located at listance, d, away from the rail route, and an
accident produces a plume with a "no-deaths" hazard distance of length L,
the individual could be killed if the accident occurred anywhere over a
distance equal to 2 x Z, centered at the individual's location along the
route.
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To calculate the probability that an accident will occur within the
relevant track segment, 2 x Z, (PZ), we must account for:

o the probability, PAt), of an accident per unit time (e.g., per
hour) per train;

o the time, t, required for the train to traverse the track segment

at 2 x Z;

o the number, N, of trains passing a given location.

Then:

PZ - 2 x PAt) x t x N.

However, since actuarial data on transportation accidents is provided to
MITRE in terms of the probability of an accident per unit distance per
train, pA(z), this analysis employs an equivalent expression for PZ:

PZ - 2 x PA(Z) x Z x N.

Thus, the individual risk along a transportation route can be
expressed either in terms of exposure time, t, or a hazard distance, 2 x Z,
along the track, both of which are related to the distance the individual
is from the route and the size of the potential accident. Time and
distance are related to one another through the simple kinematic
relationship involving the average train speed, v, which states that:

t - (2 X Z)/v

For computational purposes, this risk analysis computes individual
risk on the basis of lengths of track over which an accident can occur. As
seen from the above, this is equivalent to basing individual risk on
exposure time. To compute individual risk on the basis of lengths of track
over which an accident can occur, it is assumed that the accident, if it
occurs, could happen anywhere along the transportation route with equal
probability. This is not-strictly correct, given the variability of
conditions along a rail corridor, but the best that can be assumed given
the available data and the broad scope of the risk analysis.

Whether along a transportation route or near a fixed site, the total
risk to an individual is the sum of the individual risks posed by each
identified accident scenario that could happen at the individual's
location.
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A.2.3 Risk to the Population (Societal Risk)

To estimate the risk to the general population that may be affected by
the CSDP, the factors defining risk to an individual, discussed above in
sections A.2.1 and A.2.2, must be applied to the total number of
individuals at risk. That is, if we estimate the risk to an individual at
a given distance from a potential accident site, then the population risk
is merely the product of the risk per individual times the number of
individuals located at that distance from the accident. This concept is
illustrated by Figure 4 (in the main body of this report). The dotted arcs
in the figure define hazard distance zones for a given distance range from
the potential accident site. For example, the distance zones used in this
analysis are the following:

0.0 - 0.1 km > 2 - 5 km
>0.1 0.2 km > 5 - 10 km
>0.2 - 0.5 km > 10 - 20 km
>0.5 - 1.0 km > 20 - 50 km
>1 -2 km > 50 - 100 km

Thus, an accident having a "no-deaths" plume length of 12 km, for instance,
is assumed to affect everyone in the circle out to 20 km from the accident
site. If an accident causes a plume that reaches into the 10 - 20 km
population zone, then all those in the inner population rings, closer to
the agent source, are at even more risk since the dosages become higher as
one approaches the accident site. Similarly, within a given distance zone,
individuals will be affected not only by those scenarios for which the
plume just reaches their zone, but also those accidents of greater
magnitude for which the plume reaches into the outer zones.

There are two approaches to estimating risk to the population:

1. Estimate risk to an individual, as a function of his distance from
the potential accident site, for each accident that could occur at
the site. The cumulative risk to the individual is then computed
as the sum of the risks from all the considered accidents. This
cumulative individual risk is then multiplied by the population at
that distance zone, and the results are summed for all distance
zones to get the total population risk at a given site or locale.
The result, in this case, is population risk expressed as total
"expected fatalities," (typically, a number much less than 1). In
this form, population risk accounts for both potential fatalities
per event and the probability of that event occurrings.

2. Compute risk to the population for each accident by overlaying the
lethal plume on the population about the site and estimating the
number of potential fatalities within the plume. Expected
fatalities is then computed as the product of potential fatalities
and the probability of the accident occurring. The total
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population risk is then determined by summing expected potential
fatalities for all applicable accidents. This approach does not
yield an intermediate estimate of individual risk; if individual
risk is desired, it must be calculated separately.

In this risk analysis, a combination of the two approaches was used.
Risk to the individual was calculated in a manner outlined in sections
A.2.1 and A.2.2. Risk to the population was based on fatality estimates
for a given accident magnitude at a given site, provided by Oak Ridge
National Laboratory. The approach is detailed in Appendix B.

A.3 Accident Scenario Identification and Description

Accident scenarios are described by the following:

o A unique identification code which defines:

- operational activity, with the major categories:

-- on-site handling
-- on-site transportation
-- handling at facility
-- plant operations
-- off-site transportation
-- interim storage (associated with off-site transport)
-- long-term storage

- munition type

- agent type

- release mode

-- outdoor spill or leak (leading to evaporation)
-- detonation (without fire)
-- fire alone
-- combinations of the above
-- emissions resulting from a complex series of events, includ-

ing indoor spills or releases

o A brief textual description of each scenario

o Agent release and probability data

The accident scenario identification code is described and defined in
Table A-1.
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TABLE A-i

ACCIDENT SCENARIO IDENTIFICATION CODE

Scenario ID is of the form: XZYZVQnnn
where: XX - Activity Code U - Release Mode Code

Y - Munition Code Q - Special Code
Z - Agent Code nnn - Scenario Number (See App. C)

ACTIVITY CODE (XX) DEFINITION MUNITION CODE (Y) DEFINITION

AF/AL/AT: Air transportation B: Bombs
(C5A)* -- in- C: Cartridges (105mm)
Flight/Landing/Take-off D: Mortar Shells (4.2in)*

BF/BL/BT: Air transportation K: Bulk ("ton") containers
(C141)* M Mines

HA/HB: Handling associated with P: Projectiles (155mm)
air modes (A & B) Q: Projectiles (8in)*

HF: Handling at the disposal R: Rockets
facility S: Spray tanks

HO: On-site handling away from W: Wet-eye bombs*
the disposal facility A: All munitions

HR: Handling associated with rail
mode AGENT CODE (Z) DEFINITION

HS: Handlint during long-term
storage G: Agent GB ("Sarin")

HW: Handling associated with H: Agents H, HT, HD ("Mustard")
water mode V: Agent VX

WB: Water transportation, barge A: All agents
in inland waterways*

WC: Water transportation, LASH RELEASE MODE CODE (W) DEFINITION
ship in coastal waterways*

WI: Water transportation, LASH A: Detonation
ship in inland waterways* C: Complex mode (incl. indoor

WS: Water transportation, LASH releases affected by building
ship on the open seas* systems) or a combination of

PO: Plant operations simple modes
RN: Rail transportation, National F: Fire (incomplete combustion)
RR: Rail transportation, Regional S: Spill (leading to partial
SL: Long-term storage evaporation
SR/SA/SB/SW: Temporary storage

associated with SPECIAL CODE (0) DEFINITION
transportation by rail,
air(mode A), air(mode B), U: Warehouse Storage
water, respectively 0: Open Storage

VO/VR/VA/VB/VW: On-site 6/8/9: 60/80/89 ft. Igloo
transportation associated . . . . . . . . . .
with on-site, rail, air(A/B), * Defined for the June '87 accident
and water disposal scenario data base.
alternatives
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The quantitative description of each accident scenario consists of two

types of risk-related data: event probability data and agent release data.

o Agent release data includes the following:

- agent type
- release mode (see above)
- release time (where relevant)
- surface character for evaporative releases (i.e., porous or non-

porous)
- location of evaporative releases (indoor, outdoor)

These data are provided explicitly in the study by GA Technologies
(GA Technologies, 1 9 8 6d, 1986e, 1986f) or are directly inferrable
from the accident description. With few exceptions, agent release
data are not site-dependent.

" Event probability data are based on the site-specific expectation
that an event will occur per unit time, per mile, or per storage
unit-year (e.g., per igloo year). Converting probability data to a
per-munition-stockpile basis for a given site requires knowledge of
the classified inventory for each site as well as data on other
site-specific factors affecting safety and risk (e.g., on-site
transportation miles and plant production rates for each munition
type).

A.4 Integration of Risk-related Data

An overview of the approach used for assimilating the probability and
consequence information is depicted in Figure A-2. The analysis methods,
including key assumptions employed, are described in Appendix B. The ovals
on the left edge of Figure A-2 represent the four major data inputs to the
risk analysis:

o Probability data (from GA Technologies)

o Agent release data (from GA Technologies)

o Meteorological data (from ORNL)

o Fatality data (from ORNL)
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These four major data sets are then integrated in ways that represent
the disposal alternatives defined by the Army (OPMCM) to yield the two
principal measures of risk (shown on the lower right of Figure A-2):

o Individual risk (described by risk vs. distance from potential
accident sites);

o Societal risk (described by risk vs. potential fatalities per
accident).

The probability data, expressed in terms of units appropriate to the
particular activity type (e.g., events per train-mile or events per year of
processing) need conversion in order that they relate to the entire muniti-
on stockpile at a specific site. The probability data, as provided by GA
Technologies, are presented in both forms: as unit probability data and as
converted to a per-stockpile basis for all of the disposal alternatives
under consideration. As shown in Figure A-2, the probability data are
combined with the consequence data (lethal distances and potential fatality
estimates for each accident) to produce estimates for the two types of risk
identified above.

The agent release data, as explained above, need to be related to
potential fatalities. While other accident consequence parameters, such as
agent quantity involved and size of the agent plume, are useful, they are
not adequate for describing the impact. For instance, the same quantities
of different agents lead to different plume sizes due to their varying
physical properties, and same plume sizes of different agents lead to diff-
erent impacts due to their varying chemical and toxic characteristics.
Only the estimation of potential fatalities would account for all the diff-
erent accident characteristics (e.g., agent type, release mode and time)
and the meteorological and demographic characteristics of a particular
site.

The key to linking agent release data with fatality data is the use of
the Army's D2PC atmospheric dispersion model, the details of which are
described in Appendix B.

Once the probability-and consequence data for all accident scenarios
at a particular site are assembled in a form that can be aggregated or
further analyzed on a consistent and uniform basis, they can be fed into
relative simple equations to estimate individual or population risks. More
details of this process are discussed in the following section.

The societal (population-based) risk, for which consequence is expres-
sed in terms of potential fatalities, is a measure that can be aggregated
over the disposal sites and transportation routes as necessary in order to
compare the total impact of each alternative. The comparison
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of alternatives is aided by taking those alternatives in pairs and by site.
In this manner, commonalities in hazards may be factored out, and the diff-
erences better understood.

Risk to the individual is strictly site-specific, and is dependent on
the aggregate effect of the particular set of accidents that could happen
at a given site for a specified disposal alternative.

A.4.1 Analysis of Event Probability

The procedure used tc analyze event probability data is illustrated in
Figure A-3. Starting with the site-specific unit probability estimates
prepared GA Technologies, probabilities were systematically computed in
terms of events per munition stockpile for each site and each disposal
alternative. The computations were performed on a series of spreadsheets
permitting rapid recomputation whenever updated estimates of data affecting
event probability are provided.

Site-specific stockpile-based probabilities were estimated by taking
account of the following:

o Munition stockpile data by munition type, agent type, and site;

o Process throughput rates by munition type and facility type;

o Military vehicle loadings for on-site transporation by munition
type;

o Munition storage configurations by munition type and site.

A.4.2 Analysis of Event Conseguence

Consequence estimation involved four broad phases as described below.

A.4.2.1 Agent Release to Atmosphere. The analysis of agent release
was the first step. For each identified event, the expected agent release
was characterized by the following:

o The amount of agent released to the environment;

o The mode or modes by which the agent would be released to the
atmosphere;

o The time duration of the release.
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The modes of release were grouped for calculation purposes into three
categories. The Army's D2PC agent plume dispersion model can be used to
calculate evaporation from a simple spill and can differentiate between a
simple vapor release over a given period of time and an instantaneous rele-
ase from a detonation alone. However, the D2PC model does not determine
the amount of agent released during a fire, nor does it compute agent emis-
sions involving a number of events in series such as agent emission through
a plant ventilation system following an in-plant fire. Computation of
downwind effects of combination releases must also be performed outside the
model, using the results of the model as separately computed for each rele-
ase mode. Therefore, the release data were provided for the model in three
categories as follows:

1. A simple spill.

2. A release resulting from a detonation alone.

3. A combination or complex release involving an emission from a buil-
ding or enclosure, a fire, or a combination of other release modes.

A.4.2.2 Toxic Plume Size. In the next step, toxic plume size was
estimated for each event using the results of the Army D2PC model. Results
were presented in a parametric form from which plume sizes could be obtain-
ed for the full spectrum of accident scenarios. The plume dispersion model
predicts downwind distance to the 'no-deaths' dosage boundary for given
meteorological conditions as a function of the following scenario-specific
factors:

o Agent type

o Quantity released

o Release mode

o Event duration (the principal mechanisms for specifying emergency
response capability at the accident site for a given event)

o Surface type (porous or non-porous)

o Spill area, if special conditions pertain to limit puddle size for
spill releases

More details on the determination of plume size and representative
lethal plume data are presented in Appendix B.
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A.4.2.3 Fatality Rate. The third step in consequence estimation was
the determination of the chance, based on statistical studies of agent
toxicity, that the dose to an individual at a certain distance away from
the source of the plume would result in fatality. This is a function of
distance and expressed in terms of percentage fatality (e.g., zero percent,
one percent, 50 percent). Also included in this determination is a factor
to account for the chance of an individual being within the plume assuming
that any wind direction was equally probable. (Refer to Appendix B.)

A.4.2.4 Potential Fatalites. The final step in consequence estimat-
ion was to relate each scenario to the potential number of fatalities that
could result, given that the accident occurs. Potential fatalities per
event is a function of the plume area (plume length times some effective
plume width), the probability of a certain wind direction (assumed to be
uniform for this analysis), the population distribution around each site,
and the fatality rate obtained in the previous step. (Refer to Appendix B
for more details.)

The data files of fatality estimates for given lethal plume lengths
were prepared by the Oak Ridge National Laboratory as a major input to this
risk analysis.
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APPENDIX B: COMPUTATIONAL METHODS

B.l Introduction

This appendix describes the methods used by MITRE to convert the

accidental agent release scenarios compiled by GA Technologies (GA Tech-

nologies, 1 9 8 6d, 19 8 6 e, 19 8 6 f) into concise representations of total risk.

First, the D2PC computer model was employed to determine each accident's
potential to cause public fatalities. Next, the accident frequency esti-
mates and fatality potentials were processed and combined in several dif-

ferent ways, in order to obtain quantitative indicators of risk. Finally,

the error factors accompanying GA's accident frequency estimates were com-
bined in order to delineate the uncertainties inherent in MITRE's results.

This computational process is depicted in the form of a flow diagram as

Figure B-I.

B.2 Use of the D2PC Model

B.2.1 Description of the Model

The U.S. Army's D2PC computer model is designed to analytically
simulate the aerosolization, evaporation, transport, diffusion, deposition
and inhalation of chemical agents. A schematic diagram showing the basic

features of a general Gaussian diffusion model of which D2PC is represen-
tative is shown as Figure B-2. Although D2PC displays intermediate values

obtained in the course of its computations, the ultimate output from any

normal D2PC run is a distance. This is the distance directly downwind of

an agent release to a point where a previously specified fatality rate or

lethal "dose" is applicable. The D2PC standard fatality rates are 0 per-
cent and 1 percent. Alternatively, a lethal "dose" is defined by speci-

fying an equivalent exposure, expressed as a product of airborne agent

concentration and exposure time.

B.2.2 Meteorological Conditions

General. Certain meteorological conditions were input to all of
MITRE's MITRE's D27C runs. All critical meteorological parameters were
specified or approved by ORNL (in accordance with the Army's instructions

to MITRE); the parameters are presented in Table B-i and briefly described

below.

The mixing height, which is an upper limit placed on the height above
ground level to which agent is allowed to diffuse, was set at 750 meters.

The Frost exponent, which defines the power law relationship by which
wind speed is assumed to vary with height above ground level, is used only

for D2PC's apor depletion calculations; it was set at 0.25. The surface
roughness parameter was set at 1 centimeter. The latter two values were
required in order to :ercise D2PC's vapor depletion option.
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TABLE B-I
SUMMARY OF INPUTS TO D2PC MODEL

Meteorological Condition Worst Case Most Likely (ML)
Atmospheric Stability Class E D
Wind Speed (Meters/Sec) 1 3
Temperature (oC) 30 20
Mixing Layer Height (Meters) 750 750
Vapor Depletion Code 1 1
Frost Exponent 0.25 0.25
Surface Roughness Parameter (Cm) 1 1
Release Code for Quantity Evaporated EVP EVP

from Spill
Surface Code for Accident ID Initial

Activity Letter:
H, P, S1  NPR NPR
A, B, R, S2, V GRA GRA
W No Evap. No Evap.

Release Code for Agent GB Detonation INS INS
(Including Combined GB Releases)

Munition Code (for Agent GB Yield NON NON
from INS Release)

Release Code for All Other Cases SEM SEM
Release Time for SEM Releases3 (Minutes) 2 (Minimum) 2 (Minimum)

10 10
60 60
360 (Maximum) 360 (Maximum)

Exposure for 50% Fatality Rate (Mg-Min/M3)

Agent GB 70 70
Agent VX 30 30
Agent HD 1500 1500

'Except SL for munition-agent code KH at sites APG, PBA and TEAD.
2Only SL fcr munition-agent code KH at sites APG, PBA and TEAD.
3The listed value selected corresponds to the accident duration. For

accident durations between two listed values, the lower listed value
*is selected. For releases whose durations exceed 1440 minutes, such
as leaks from storage, D2PC is run using the actual release time and
most likely conditions only.
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All meteorological conditions, including wind direction, are constant
within any D2PC run. In actuality, such conditions change. A change in
wind direction can greatly reduce the maximum downwind (centerline) agent
concentration at a specified distance. Therefore, although potentially
lethal exposures were predicted to occur as far downwind as 900 kilometers
during exploratory runs of D2PC, MITRE accepted an ORNL suggestion to
consider potentially lethal effects only within the first 100 kilometers
downwind of any release.

Most Likely Conditions. Most likely meteorblogical conditions were
selected for use in obtaining best estimates of the expected public health
impacts of accidental agent releases. These conditions are intended to
represent non-site-specific averages which account for the full ranges of
actual conditions.

The stability class describes the rate of eddy diffusion of agent
released into the atmosphere. The D2PC model employs six modified Pasquill
stability classes designated by the letters A through F. Class A cor-
responds to the highest diffusion rate, which occurs in a very unstable
atmosphere (such as the type in which thermal convection leads to the rapid
growth of thunderhead clouds). Class F corresponds to the lowest diffusion
diffusion rate, which occurs in a very stable atmosphere (which is charac-
terized by a strong inversion, which greatly inhibits the vertical rate of
diffusion). For most likely conditions, stability class D (which is con-
sidered to be neutral--neither unstable nor stable) was selected.

The wind speed is also an important factor in calculating the evapo-
ration (when applicable), transport and dispersion of agent releases. For
most likely conditions, a low to moderate wind speed of 3 meters per second
was selected.

The temperature is an important factor in D2PC's computations of evap-
oration rates. For most li-.ely conditions, a non-site specific average
outdoor temperature of 20 degrees Celsius was selected.

Worst Case Conditions. Worst case meteorological conditions were
selected for use in obtaining upper bound estimates of public health
impacts. A worst case stability class of E (a stable or inversion condi-
tion) was employed, since the extreme class F was judged (by ORNL) to be
characterized by light meandering breezes such that the resulting downwind
agent exposures would be only intermittent. A very low worst case wind
speed of 1 meter per second was selected, as was a high worst case temper-
ature of 30 degrees Celsius.

B.2.3 Evaporation of Spills

General. For many of GA's accidental agent release scenarios involv-
ing spills, and coded with a fifth letter of S (see Table A-1), the first
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major step toward estimating public fatality potential was the deter-
mination of the portion of the quantity spilled that would be expected
to evaporate. MITRE used the D2PC model's evaporative release mode to
determine each spill's evaporation rate, which D2PC takes to be constant
(until all agent is evaporated). MITRE then multiplied each evaporation
rate by GA's accident duration (the time between the spill's occurrence
and its cleanup or containment) in order to obtain the maximum quantity
that could evaporate. The lesser of this quantity or the total quantity
originally spilled was then used by MITRE as the amount of agent released
into the atmosphere. In order to avoid repetitive runs of the D2PC model,
12 polynomial formulas for calculating evaporation rates (as functions of
agent type, spill quantity, meteorological conditions, and surface types)
were developed using multiple linear regression to determine the polynomial
coefficients. The evaporation curves for the three agents are presented as
Figures B-3 through B-5.

Surface Types. In the D2PC model, surface type is used to compute the
surface area of a spill, which in turn is used to compute evaporation rates
and maximum quantities. Spill scenarios associated with on-site truck and
off-site air and rail transportation, as indicated by the initial identi-
fication letters V, A, and R, respectively, and only those storage accident
scenarios indicated by the initial letters SL that include the agent code
letter H (since mustard is stored outdoors at sites APG, PBA, and TEAD)
were assumed to occur in unpaved areas best represented by D2PC's surface
designation for "gravel". In D2PC, the term "gravel" refers to the
uneveness of the surface that results in a spill of a relatively high
average depth (about one-fourth of an inch), and of a correspondingly lower
computed spill surface area and evaporation rate. Absorption of spilled
agent by the surface is assumed not to occur.

All other spill scenarios requiring evaporation calculations were
assumed to occur on paved areas, best represented by D2PC's "non-porous"
surface designation. For spills on non-porous surfaces, D2PC uses a rela-
tively small average depth (about one thirty-second of an inch) and there-
fore computes relatively high spill surface areas and evaporation rates.

B.2.4 Release Modes and Durations

General. In the D2PC model, the agent release mode may be specified
as being evaporative (as described above), "instantaneous", or "semicon-
tinuous". The instantaneous mode can be appropriate for certain cases
(see below) involving the detonation of agent-containing munitions. For a
specified type and quantity of chemical agent involved in a detonation, a
D2PC run made for specific munitions types will give a different result
than will a run made for "non-munition" detonations (i.e., detonations of
unspecified munition types). The principal reason for this difference is
that munition detonations are characterized by temperature-dependent yield
factors. For example, according to the D2PC model, at ordinary ambient
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temperatures, most munitions containing agent GB release about 75 percent
of their agent contents to the atmosphere. However, at elevated temper-
atures, the yields increase to 100 percent. Since the predominant poten-
tial cause of accidental detonations inherent in the GA Technologies
accident scenarios is the exposure of explosive munitions to fire and heat,
in which case the yield should be 100 percent, MITRE ran its D2PC analysis
of detonations by specifying non-munitions in all instances.

For all other (semli;ontinuous) releases to be evaluated using the D2PC
model, both the release quantity and the release duration must be specified
(though the duration does not affect the results in the case of agent HD).
Both of these characteristics were listed for each accident scenario by GA
Technologies. However, in order to avoid repetitive runs of the D2PC
model, the standard durations used by MITRE were limited to the four values
of 2 minutes (the minimum value that is appropriate for the model), 10
minutes, 60 minutes and 360 minutes. Where GA had listed an intermediate
duration, the next smaller of the four values (but never less than 2
minutes) was used by MITRE. This results in a minor overprediction of dose
acuteness and, therefore, of fatality potential. For releases whose
durations exceeded 1440 minutes (such as leaks from storage), D2PC was run
using the actual release times and most likely conditions only, because
worst-case conditions and persistent wind direction were considered to be
inconsistent with a duration exceeding 1440 minutes.

Agent GB. For accident scenarios involving the release of agent GB,
as designated by a fourth identification code letter of G, the D2PC model
was run either in its instantaneous release mode (for munition detonations,
indicated by a fifth identification code letter of A, and by a duration of
zero), or in its semicontinuous release mode (for all other release types).
For GB release scenarios involving both detonations and semicontinuous
releases (each of which would have been assigned a fifth identification
code letter of C), the D2PC model was run as if the total of the two quan-
tities were released instantaneously. This results in a minor overpredic-
tion of dose acuteness and fatality potential.

Agent HD. Agent HD was used to represent agents H, HT (a more dilute
form), and agent HD (the distilled form) itself. Since agent HD is
slightly more toxic than agents H and HT, this results in a minor over-
prediction of fatality potential. A greater overprediction results in
cases involving spills (without fire) of HT, which is much less volatile
than H and HD, and would evaporate so slowly as to pose little if any risk
downwind. This overprediction may be of som. significance for spills from
ton containers at PBA, or from 4.2-inch mortar rounds at TEAD, both of
which are filled with agent HT. However, spills of any of these low-
volatility agents (H, HD or HT) pose little risk in any case.

Exploratory runs of the D2PC model indicated that, for a specified HD
release quantity, the effects of an instantaneous release are much less
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than those of a semicontinuous release. The reason for this is that
instantaneous HD releases are taken in D2PC to be droplets, which impact
mostly on the skin where the effects are relatively minor. Semicontinuous
HD releases are taken to be vapors, which are inhaled into the lungs where
the effects are much greater.

Recognizing that the D2PC model's algorithms for agent HD detonation
were based on effects seen at small downwind distances, MITRE utilized the
D2PC model's evaporation routine to determine whether the droplets emitted
from a detonation would evaporate, and thus increase in effective toxicity,
during their transport to distant receptors. MITRE performed this work by
assuming that the maximum path length of air across a droplet (as opposed
to the path length across the diamL-er of a circular spill, as used in the
D2PC model) is one-half of the droplet's circumference. The results of
this analysis, shown as Figure B-6, indicate that most if not all of the
agent HD droplets could be expected to evaporate within a downwind distance
of 3 meters per second (the most likely wind speed) times 300 seconds (the
evaporation time for a droplet of 100 micrometer initial diameter -- see
Figure B-6), or 0.9 kilometers. Therefore, with the concurrence of ORNL,
MITRE elected to evaluate all accident scenarios involving agent code
letter H by running the D2PC model in its semicontinuous mode (even for
detonations, using the minimum allowable release duration of 2 minutes).

Agent VX. Exploratory runs of the D2PC model indicated that, for a
specified VX release quantity, the toxic effects of an instantaneous
release are less than or approximately equal to those of a semicontinuous
release. As described above (with respect to agent HD), MITRE determined
that, to a large extent, the instantaneously released aerosol (D2PC is
based on an initial VX release of 87 percent aerosol and 13 percent vapor)
would evaporate during its transport. For example, for an initial droplet
diameter of 20 micrometers (droplets in the 50-100 micrometer size range
are likely to fall to the ground within a few kilometers downwind and then
evaporate), a 3 meter per second wind speed, and a downwind distance of 3
kilometers (corresponding to a 1,000 second transport time -- see Figure
B-6), about 80 percent of the agent VX would be in the form of a vapor.
Therefore, with the concurrence of ORNL, MITRE elected to evaluate all
accident scenarios involving agent VX, as designated by a fourth identi-
fication code letter of V, by running the D2PC model in its semicontinuous
mode (even for detonations, using the minimum allowable release duration
of 2 minutes).

B.2.5 Lethal Exosures

General. As mentioned above, MITRE's approach to the quantification
of public fatality potential was designed to minimize repetitive runs of
the D2PC model. Therefore, through a limited number of model runs, MITRE
was able to evaluate essentially all foreseeable accidental agent release
scenarios, regardless of the number of identified scenarios. This was
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accomplished by developing 60 polynomial formulas, using multiple linear
regression to determine their coefficients, for calculating distances to
lethal concentrations as functions of agent type, release mode and dura-
tion, quantity released to the atmosphere, meteorological conditions, and
fatality rate. Fatality rates of 0 percent and 1 percent are the standards
incorporated into the D2PC code. (The agent doses used in the model are
said to be based on the responses of healthy young men, rather than of more
susceptible members of the public. Nevertheless, lacking acceptable alter-
natives, these data were used.) In order to define higher public fatality
rates when applicable, MITRE also developed formulas for calculating
distances to 50 percent fatality rates. The corresponding agent "doses"
(actually, exposures) are presented in Table B-1. The graphical portrayal
of the polynomial representations (curve-fits) for hazard distance as func-
tions of release quantity are presented as Figures B-8 through B-23 at the
end of this appendix.

B.3 Quantification of Risk

On the basis of accident scenario probabilities and the potentially
lethal effects of agent releases as characterized using the D2PC model, the
risk inherent in the disposal program alternatives was quantified. The
parameters used to quantify risk include potentially lethal distances,
potential fatality counts, and various probabilistic values, as describe!
below.

B.3.1 Potentially Lethal Distances

As described above, for each accidental agent release scenario, MITRE
estimated the maximum downwind distance to locations where potential fatal-
ity rates of 0 percent, 1 percent and 50 percent would be applicable. (The
use of the term "potential" refers to the lack of quantification of the
preservation of lives that would result from preplanned emergency response
measures that would be implemented by the U.S. Army and cooperating agen-
cies. For example, no credit was taken for evacuation, or even for the
protection afforded by remaining indoors.) MITRE estimated these distances
for both the most likely and the worst case meteorological conditions.
However, for the specific purpose of indicating the maximum distance from
a release at which an agent fatality may result, MITRE selected only the
greatest of the distances, the one corresponding to 0 percent fatalities
under worst case meteorological conditions. As explained above, in each
case the distance was limited to a maximum of 100 kilometers (per ORNL).

B.3.2 Individual Risk

General. In order to represent the risk to an individual, in terms of
the probability of the individual's death due to an accidental release of
agent, MITRE multiplied the probability of each accident by the potential
fatality rate applicable at the individual's downwind distance; by the
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conditional probability of the individual being in the direction downwind
of the release; and, for accidents involving the off-site transportation
of agent, by the conditional probability of the individual being at the
specified distance and direction from the point along the route where the
accident occurs. Following these multiplications, MITRE added the result-
ing potential fatality probabilities so as to obtain aingle probability
representing the total risk at each distance con considered (see below).
The procedures described here were performed based on most likely weather
conditions only, as representative of an average of the entire spectrum of
possible conditions.

Potential Fatality Rates. As explained above, the D2PC model computes
downwind hazard distances as functions of specified fatality rates. How-
ever, in order to facilitate the summation and comparison of individual
risks, MITRE elected to convert the D2PC results into calculated potential
fatality rates as functions of specified downwind hazard distances. The
ten distances selected by MITRE were 0.1, 0.2, 0.5, 1.0, 2.0, 5.0, 10.0,
20.0, 50.0 and 100.0 kilometers. For each accident scenario and each down-
wind hazard distance, MITRE estimated the potential fatality rate by piece-
wise linear interpolation. For cases in which the downwind hazard distance
exceeded the distance corresponding to a 0 percent fatality rate, the 0
percent rate was used for the former distance. For cases in which the
downwind hazard distance was less than the distance corresponding to a 50
percent fatality rate, the linear interpolation was based on an additional
assumption, viz., that a fatality rate of 100 percent was applicable to a
downwind hazard distance of zero (per ORNL).

Width of Affected Area. The conditional probability of an individual
being in the direction downwind of a release was calculated as the ratio of
the agent "plume" width (which is actually an arc length) to the cir-
cumference of a full circle at the specified distance. Wind directional
frequency weighting factors were not used (per ORNL guidance). Exploratory
runs of the D2PC model, using an option with which plume widths are dis-
played as functions of downwind distance, indicated that plume widths can
be approximated, with little loss of accuracy in estimating individual
risks, as constant (square root of 2 ) multiples of the D2PC model's
"sigma-Oy" function (indicated as "Sy" as Figure B-2). This power law
function of distance defines a crosswind Gaussian distribution of agent
concentration, and depends only on the stability class and the downwind
distance. Under the most likely (stability class D) conditions, the sigma-
y based plume width varies from 11.5 degrees of arc at 0.1 kilometers down-
wind, to 9.1 degrees at 1.0 kilometer, to 7.2 degrees at 10 kilometers, to
5.8 degrees at 100 kilometers. The general expression of the width in
degrees is 9.13/(KM)0 -1.

Time of Exposure to Off-site Transport Activities. In order to
estimate the conditional probability of an individual being at a specified
distance and direction from an off-site agent transportation accidental
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release (assumed to occur at a fixed point rather than along a route
segment), MITRE extended the individual risk methodology described above.
In these cases, the individual risk is expressed as a function of the
individual's perpendicular distance from the rail, air or water route,
which was assumed to be straight. (Individuals on the inside of curved
routes would experience somewhat greater risk; those outside of curved
routes would experience less risk.) The model used for this portion of the
analysis is illustrated as Figure B-7. The downwind distance range of the
individual from the accident (not from the route) was assumed to be midway
between the uniform distances specified above. For example, for the
uniform distance of 10.0 kilometers, the downwind distance range was
calculated as being from (5.0 km + 10.0 km)/2 to (10.0 km + 20.0 km)/2, or
7.5 kilometers to 15.0 kilometers. Next, the fractional times of exposure
of individuals at each uniform distance from the route (not from the track)
were assumed to be equal to the fractional distances of track involved. To
continue the same example for an individual located 5.0 kilometers from the
route, an accident 7.5 kilometers upwind would be (7.52 - 5.02)0.5 km or
5.6 kilometers "up-route" or "down-route". An accident 15.0 kilometers
upwind would be (15.02 - 5.02)0.5 km or 14.1 kilometers up-route or down-
route. Therefore, the length of the route over which the 10.0 kilometer
potential fatality rate would be applicable to an individual 5.0 kilometers
from the route would be (14.1 - 5.6) kilometers up-route plus (14.1 - 5.6)
kilometers down-route, or 17.0 kilometers. The ratio of 17.0 kilometers to
the total route length is assumed to be the same as the ratio of the indi-
vidual's exposure time to the total travel time. This is the conditional
probability by which the accident probability was multiplied in order to
estimate the individual's risk. An exception to this general procedure was
used whenever one of the uniform distances from the release exceeded the
zero-fatality or no-deaths distance; since no risk is experienced at such
distances, the entire exposure time within the non-deaths distance was
attribute to the next lesser uniform distance.

B.3.3 Potential Fatality Counts

General. Potential fatality counts were computed by Oak Ridge
National Laboratory as functions of accident location (any of the eight
agent storage sites in the continental United States, and locations along
the proposed 11 rail routes, two air routes, and one water route), lethal
downwind distance (to the 0 percent fatality dose), and meteorological
conditions. Therefore, MITRE employed its 0 percent fatality distances as
obtained using the D2PC model in order to determine which of the ORNL
fatality counts was applicable at any location. When MITRE's 0 percent
fatality distances were intermediate between the uniform distance described
above (which was used by ORNL as well as by MITRE), MITRE used the next
higher uniform distance in order to select a fatality count. Since some of
these 0 percent fatality distances were expected to exceed 100 kilometers,
the standard distances were extended to include 200, 500 and 1,000 kilo-
meters. However, although the releases resulting in these longer distances
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resulted in higher fatality rates within 100 kilometers, no fatalities
occurring beyond 100 kilometers were counted by ORNL. Furthermore, in no
case was a fatality count used that would correspond to a 0 percent fatal-
ity rate distance exceeding 1,000 kilometers.

Most Likely Weather. Only the ORNL fatality counts based on most
likely meteorological conditions were used by MITRE to develop probabil-
ities of fatal accidents, potential fatality expectation values, and risk
curves (see below).

Worst Case Weather. The ORNL fatality counts based on worst case
meteorological conditions were used only to estimate the upper limits of
numbers of fatalities. These results provide one type of indication of
risk.

B.3.4 Probability of a Potentially Fatal Accident

General. The probability of a potentially fatal accident was defined
as the sum of the probabilities of all accidents having the potential to be
fatal to one or more members of the public, based on most likely meteo-
rological conditions. The methods used by MITRE to combine the probabil-
ities of single potential fatality accidents result in minor overestimates.
For example, if an accident is potentially fatal to no one 25 percent of
the time it occurs, to one person 50 percent of the time, and to two people
25 percent of the time, then its (average) potential fatality count is 0 x
25% + 1 x 50% + 2 x 25%, or 1. MITRE would have treated the accident as
always being potentially fatal. In actuality, only 75 percent of its
occurrences are potentially fatal, and 25 percent are not.

Single Fatality Accidents. In order to calculate the probability of a
potentially fatal accident, the probabilities of those accidents estimated
to be potentially fatal to exactly one member of the public were added
directly. More often, however, accidents had been estimated to be poten-
tially fatal to some (average) number of persons that was fractional
(between zero and one).

For example, an accident having a probability of 0.006 could have been
estimated to expose 3 members of the public to agent at an average
potential fatality rate of 1 percent. The initially calculated potential
fatality count would have been 3 x 1%, or 0.03. Since an accident cannot
result in fractional fatalities, MITRE interpreted the result as indicating
that 0.03 or 3 percent of the occurrences of the accident would result in a
single potential fatality. Therefore, for the purpose of estimatingthe
probability of a potential fatality, MITRE redefined such accidents (those
initially having fractional potential fatality counts) as single potential
fatality events, and multiplied the initial probabilities by the initial
fractional potential fatality count. In this example, the resulting
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probability is 0.006 x 0.03, or 0.00018, for an equivalent potential
fatality count of 1.

Multiple Fatality Accidents. MITRE added the probabilities of all
multiple fatality accidents directly in order to estimate the probability
of a potentially fatal accident. For this purpose, the definition of
multiple fatality accidents includes those whose (average) calculated
potential fatality counts were between 1 and 2 (that is, average fitality
counts can be fractional, and any value greater than 1.0 -- such as 1.2 --

is considered "multiple"). Since such accidents would sometimes be
expected to result in no potentially fatal exposures (though at other times
to result in 3 or more), this method results in minor overestimates, as
described above.

B.3.5 Potential Fatality Expectation Values

General. MITRE calculated potential fatality expectation values by
multiplying the accident probabilities and their corresponding potential
fatality counts, and summing these products. The result is an average or
mean number of potential fatalities. For example, an accident with a
probability of 0.01 and a potential fatality count of 1,000 would have a
potential fatality expectation value of 0.01 x 1,000, or 10. However, this
result of 10 is an average which results from a combination of the acci-
dent's unlikelihood and its severe consequences. The accident would prob-
ably not occur at all but, if it did occur, it would be expected to be
potentially fatal to hundreds or thousands of people. In actuality, it
might never be potentially fatal to exactly 10 people, but 10 is the aver-
age consequence (an average of many zeros, and a very few large numbers of
potential fatalitie;). Nevertheless, the "equivalent" of 10 potential
fatalities is a result which one may consider to be comprehensible.

Changing the example to one representing a safer program, an accident
with a probability of one in a million, or 0.000001, and a potential fatal-
ity count of 5, has a potential fatality expectation value of 0.000001 x 5,
or 0.000005. This result is equivalent to one two hundred thousandth
(1/200,000) of a potential fatality. One may have difficulty in compre-
hending such a result. One way of doing so (not without its shortcomings)
is to consider the result as "equivalent" to a shortening of a potentially
affected individual's remaining life span, which may be estimated here as
40 years. The equivalent lifespan shortening potential of the accident
would be calculated as 0.000005 x 40 years, or 0.002 years, or 18 hours of
one person's life.

However, one may prefer to forego any use of "equivalents", and to
regard potential fatality expectation values simply as statistics that
combine probabilities and potential fatalities in order to facilitate the
comparison of risks.
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B.3.6 Risk Curves

General. In order to develop graphical representations, commonly
referred to as risk curves, of the probabilities of exceeding specified
potential fatality counts, MITRE began by adding the probabilities of all
accidents exceeding each occurring potential fatality count for the most
likely weather conditions. For this purpose, the initially calculated
potential fatality counts that were fractions of one were increased to one,
"nd the corresponding probabilities were multiplied by the initially cal-
culated fraction, as described above. The resulting cumulative probabil-
ities were then shown on the vertical logarithmic scale of a graph as
single point functions of the potential fatality counts, shown on the
graph's horizontal logarithmic scale. Sequences of points were connected
by straight line segments, and the results were presented as risk curves.
Since each potential fatality count that is exceeded is a lower limit of a
range (e.g., a 7-kilometer lethal distance could result in a potential
fatality count between 12 and 37, the ORNL counts for 5-kilometer and 10-
kilometer lethal distances, respectively; the lower limit would be 12), and
the logarithmic probability scale cannot be extended to zero (which has no
finite logarithm), the uppermost count is not graphed, but is noted as the
value not exceeded.

B.3.7 Treatment of Uncertainty

Uncertainties in risk estimation arise due to many causes, including
the inadequacy of data, inaccuracies in modeling, and the incomplete iden-
tification and understanding of accident phenomena. This section discusses
the basis for estimating uncertainties when summing probabilities or
probability-weighted data with known individual uncertainties.

The analysis of accident scenarios carried out by GA Technologies
provides an error factor for each accident probability "point estimate".
Each error is an error of a median, not of a probability distribution, and
does not include numerous unquantified and unquantifiable sources of error.
Nevertheless, this error factor was used by MITRE to characterize the
uncertainty inherent in each estimate. The contribution to risk uncer-
tainty of consequence estimation (for example, in estimating potential
public fatalities as a result of an agent release) is represented sepa-
rately (though incompletely) by considering most likely and worst case
meteorological conditions. However, since worst case conditions occur
relatively rarely and have greater consequences, they may have little
effect on a risk curve, which, by definition, is a monotonically decreasing
function indicating lower probabilities for greater consequences.

The accident probability estimates provided by GA Technologies were
assumed to be median values of lognormal distributions whose error factors
or range factors are the ratios of the 95% confidence values to the corre-
sponding median values. The error factors were used by MITRE to convert
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all median risk estimates to their mean values. Within any single activity
type (e.g., handling, plant operations, storage, or transport by a given
mode), the error factors were conservatively assumed to be totally
systematic (highly and positively correlated). Thus, the upper bounds of
accident scenario probabilities (that is, the products of the point
estimate probabilities and their corresponding error factors) were added
directly in order to obtain the upper bounds of accident probabilities for
entire activity categories. Error factors for entire categories were
calculated by dividing these upper bound sums by their corresponding point
estimate sums. These error factors were then used to obtain variances on
the mean values. Subsequent arithmetic, for example, the addition or
subtraction (for comparison of differences) of probabilities corresponding
to different activity types (which were assumed to have totally independent
[non-correlated] error factors), was performed by adding these variances
(rather than by adding upper or lower bounds). Finally, the variances were
converted back to error factors in order to define the probability-related
uncertainties of the risk curves and the potential fatality expectation
values.

The formulas used in the uncertainty computations are presented in
Table B-2.

B.3.8 Probability of a Difference in Risk

In order to estimate the probability that the risk (in terms of
expected fatalities, F) of any alternative i exceeds the risk of
alternative J, the following test statistic (TS) was employed:

TSij - LN(F -) - LN(F )

(2_ 2_ )0.5(el~j + oji.5

1.645 * LN(Fi 1- / Fuit)

2 )0.5
(LN EFi-j LN2EFJi )

where the subscripts, i-j and J-i, refer to the independent accident
scenario data bases obtained by eliminating commonality (i.e., all
accidents with identical probabilities under both alternatives and all
portions of accident probabilities that are common to both alternatives).
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TABLE B-2
UNCERTAINTY FORMULAS

(1) Pmean W Pmed x EXP[(LN2EF)/5.412]

where Pmean - mean probability of accident

Pmed - median probability of accident

EF - error factor (of accident probability)

(2) EFact - Z(Pmean x EF)/ZPmean

where EFact - activity's error factor (of accident probability)

(3) Pact - atPmean

where Pact - activity's probability of accident

(4) Vact - (Z2Pact)[(EXP[(LN2EFact)/2.706])-I

where Vact - activity's variance (of accident probability)

(5) Valt - EVact

where Valt - alternative's variance (of accident probability)

(6) Palt M a1tPact

where Palt - alternative's probability of accident
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TABLE B-2 (Concluded)
UNCERTAINTY FORMULAS

(7) EFalt - EXP(LNO 5[(Valt/-Z2Plt)+l] 2 .7 0 6)

where EFalt - alternative's error factor (of accident probability)

(8) UBalt - Palt x EFalt

where UBalt - alternative's upper bound (of accident probability)

(9) LBalt - Falt + EFalt

where LBalt - alternative's upper bound (of accident probability)

Note: For expected fatality (instead of probability) uncertainty,

substitute Pmed x Fatality Count for Pmed.
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Then, the probabilities of excess risk (Pi-j and Pj-i) were calculated
using the following relationships:

Psi-sj - s x ERFF(TSi-j)

Psj.si - 1 - [s x ERFF(TSi-j)]

where s is the sign (plus or minus) of TS1j, and ERFF is the error
function as computed by the Army's D2PC model using the Hastings
approximation. Note that in D2PC, ERFF(O) - 0.5, ERFF(-1.645) - 0.05, and
ERFF(l.645) - 0.95.
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APPENDIX C: REFERENCE DATA

C.1 Introduction

This appendix contains data that is representative of the details that
underlie the risk analysis. Much of the input data, including the accident
scenario data base and the D2PC plume dispersion data, have been presented
elsewhere in this report or in external docum. -s and will not be repeated
here. In this appendix, we will present those .... data items that
should assist the reader who wishes a detailed understanding of what was
done in the risk analysis. In particular, the following data are
presented:

o Definition of disposal alternatives in terms of applicable

activities;

o Summary descriptions of the accident scenarios;

o Fatality data as provided by ORNL;

o Tabulated risk analysis data for a representative site.

C.2 Activity-Based Definition of DisDosal Alternatives

Table C-1 illustrates how the disposal alternatives are defined, for
the purpose of the risk analysis, in terms of the applicable activity
codes. The single-letter codes used in Table C-1 for the designation of
disposal alternatives and sites are defined in section 3.1.1. The two-
letter codes used in the designation of activity (during which a potential
accident is assumed to occur) are defined in Table A-1 of Appendix A.

The entries in Table C-1 indicate which activities (that is, which
data files from the accident scenario data base) comprise the set of
potential accidents for the alternative.

C.3 Summary Descriptions of Accident Scenarios

The accident scenario data provided by GA Technologies includes a
textual description of each of the accident scenarios. The scenarios are
identified by the activity code (first 2 characters of the scenario ID code
-- see Table A-l) and the scenario number. For convenience, MITRE
summarized the scenario descriptions provided by GA Technologies into a
data base (dBASEIII) format. The results are presented in Table C-2. To
facilitate finding a particular scenario description, the list is ordered
alphabetically according to the ID. With only two exceptions, the scenario
descriptions are independent of munition and agent type. Thus, any given
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scenario could be the basis for as many as fourteen separate accidents,
each one representing the probability and release characteristics of one of
the applicable munition-agent combinations.

C .4 FaiaJ Data

The fatality data provided by the Oak Ridge National Laboratory (ORNL)
have been assembled into dBASEIII format as presented in Table C-3. Table
C-3 may be interpreted with the aid of the following definitions:

o The first column, LOCATION or DISPOSAL ALTERNATIVE, refers to where
and for which disposal alternatives the predicted fatalities are
presumed to occur; the entries signify the following:
- SYT: about one of the eight storage/disposal sites; applies to

all disposal alternatives.
- RAR: along one of the rail corridors for the regional disposal

alternative; the table entries (potential fatalities) for this
and the other transportation corridors are listed under the
column heading signifying the site from which the stockpile
responsible for the agent release originated. (e.g., fatality
estimates for the transportation corridor from Lexington-Blue
Grass Army Depot to Anniston Army Depot, the regional disposal
site for Lexington-Blue Grass, would appear under the column
heading, L, representing Lexington-Blue Grass.)

- RAN: along one of the rail corridors for the national disposal
alternative.

- AIR: along one of the air corridors for the air disposal
alternatives.

- TR: along the water transportation corridor.

o The second column, WIND DIRECTION & POPULATION DISTRIBUTION,
indicates the demographic assumptions for which the fatality
estimates apply:
. AV: signifies a uniform population density and wind rose;
- MX: signifies a maximum population density (based on 1980 U.S.

Census data/maps) and the worst wind direction (the one that
yields maximum fatalities).

o The third column, 'NO-DEATHS' HAZARD DISTANCE, specifies the
downwind distance, in kilometers, from the site center or the
transportation corridor, as appropriate, to the 'no-deaths' dosage
boundary.
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o The fourth column, WEATHER CONDITIONS, indicates the meteorological
conditions, as defined in Table B-i:
- ML: signifies "most likely" weather;
- wC: signifies "worst case" weather.

o Columns 5 through 12, each labeled with the three- or four-letter
site code for the eight storage/disposal sites, contain the
potential fatality estimates appropriate to that site and
associated with a potential accident having a 'no-deaths' hazard
distance, weather conditions, demographic assumptions, and
location/disposal alternative as given by columns 1 through 4. The
sites are identified by the following codes:

- ANAD: Anniston Army Depot, AL
- APG: Aberdeen Proving Ground, MD
- LBAD: Lexington-Blue Grass Army Depot, KY
- PBA: Pine Bluff Arsenal, AR
- NAAP: Newport Army Ammunition Plant, IN
- PUDA: Pueblo Depot Activity, CO
- TEAD: Tooele Army Depot, UT
- UMDA: Umatilla Depot Activity, OR

For the transportation corridors, the fatality estimates for the
maximum population/worst wind direction cases (WIND DIRECTION & POPULATION
DISTRIBUTION - MX) include consideration of the maximum fatality estimates
for the originating site and the destination site as well as for whichever
of the following six population centers fall along the corridor:

o Bend, Oregon (BEND)
o Baltimore, Maryland (BALT)
o Jackson, Tennessee (JKSN)
o Terre Haute, Indianna (TRRT)
o Salt Lake City, Utah (SLCU)
o Chesapeake Bay Bridge Tunnel (CBBT) (water shipment from APG only).

The applicability of these population centers to the two rail
transportation alternatives is indicated by the asterisk entries in Table
C-4. Fatality data for these major population centers is presented in
Table C-5.
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TABLE C-4

MAJOR POPULATION CENTERS1

AFFECTED BY INDIVIDUAL STOCKPILE MOVEMENTS

AFFECTED POPULATION CENTERS1

SALT CHESPKE

STOCK- DISPOSAL BALTI- TERRE LAKE BAY BRG
PILE ALTERNA- MORE BEND JACKSON HAUTE CITY TUNNEL
(SITE) TIVE - (MD) (OR) (TN) (IN) (UT) (VA/MD)

ANAD RAIL(NTL) * *

APG *
LBAD *
NAAP * *
PBA *
PUDA *
TEAD
UMDA *

ANAD RAIL(RGL)
APG * *
LBAD *
NAAP *
PBA *
PUDA
TEAD
UMDA *

APG WATER *

1 In addition to originating and terminating sites for each transport

operation
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